Here we first report the referee comments (in black), and then we provide our responses (in blue). In
our replies, pages and lines (p. xx, I. xx) refer to the updated manuscript.

Anonymous Referee #2

Review of the manuscript “Evaluation of Himawari-8 surface downwelling solar radiation

by SKYNET observations” by Damiani et al., 2018.

Summary: The manuscript describes the validation of the solar irradiance dataset from

the Himawari-8 satellite by surface based observations using the SKYNET and JMA

networks in Japan for the whole year 2016. The solar irradiance dataproduct from

Himawari-8 is obtained from the EXAM algorithm. The comparison is performed between

surface point observations and satellite derived solar irradiance data ed for different

spatial and temporal resolutions. Several influencing parameters such as aerosol

optical depth and surface albedo is investigated. The largest part of the paper discusses

the quality of the solar irradiance product with respect to varying cloudiness,

which is responsible for the largest variation in solar irradiance. The overall objective

is to validate solar irradiance retrievals at high temporal and spatial resolution in order to use these
datasets in near realtime for informing photovoltaic installations of the expected solar power because
rapid transients can be harmful to PV plants, as stated in the manuscript at page 3, line 3.
Comments: The manuscript is well written and has a good structure. The results and conclusions are
discussed and presented quite objectively so that the reader can make his own opinion as to the
quality of the comparison. The validation of the dataset over only one year of measurements is rather
short and might not allow to draw conclusions as to the long-term performance of the satellite-
derived solar irradiance product. Nevertheless the results are encouraging and worth to be published
as they provide a very good view of the current state-of-the-art in retrieving surface solar radiation
from an assimilation of surface based and space-based data on an unprecedented time and spatial
resolution.

R -> We thank Referee #2 for his/her valuable comments and suggestions.

In contrast to the authors I conclude from this study that the solar radiation product as presented here
is far from reaching the objectives stated in the introduction and which seem to be the rationale for
the satellite itself. In general I have the impression that the authors have drawn very optimistic
conclusions from their dataset. I suggest modifying the abstract and conclusions to provide a more
objective assessment of the satellite solar irradiance product, especially in the frame of the overall
objective of using the high temporal solar data for PV applications.

- The all-sky solar radiation data shows large deviations with respect to the surface based datasets,
especially at the high temporal resolution of 2.5 minutes. This is very well seen in Figure 6, where
deviations between the SKYNET pyranometer and Himawari-8 are strongly dependent on cloudiness
(Clear Sky index is used here) with deviations which can exceed a factor of 3! With regard to the
stated objective to use these high temporal resolution data for near realtime forecast for PV
applications, especially under fast varying gradients induced by changing clouds, I would like to
have this aspect more clearly addressed in the discussion and conclusion section of the manuscript.

R -> Because of this comment as well as your comment below (cf. Conclusion, page 13, line 14),
first we expanded the introduction of the revised manuscript (p. 3, 1. 5-16) by including the results of
previous validation exercises obtained from datasets with a resolution at 1 h and shorter (at 15 min).
Then, in the updated discussion section (p. 17, 1. 1-27), we extensively discussed our findings in the
light of these previous results. Overall, we confirmed the good accuracy of AMETERASS at 1 h and



at shorter time resolution if compared to previous validations of other state-of-the-art products.
Please see our detailed reply following your comment below (cf. Conclusion, page 13, line 14).

On the other hand, we agree with the reviewer in that the validation at 2.5 min showed evident
deviations and large RMSE. Regrettably, since there is a lack of concurrent operational products of
surface solar radiation with a resolution comparable to AMATERASS, we cannot put our results at
2.5 min within the context of other state-of-the-art products. Nevertheless, it is worth noting that
even recent validations at 1 h (e.g. Federico et al., 2017) showed RMSE values comparable with our
values at 2.5 min.

Following your suggestion, in both abstract and conclusion of the revised manuscript we highlighted
the difficulty of EXAM algorithm in reproducing the observations at 2.5 min.

In the updated abstract, we included the following sentence:

“...However, results depended on the time step used in the validation exercise, on the spatial domain
and on the different climatological regions. In particular, the validation performed at 2.5 min showed
the largest deviations and RMSE values ranging from about 110 W/m? for the mainland to a
maximum of about 150 W/m? in the subtropical region.”

Then, in the updated conclusions, we stated that:

“Overall, our analysis confirmed the good accuracy of the AMATERASS solar global radiation
product at temporal resolution of 1 h and 10 min but showed larger deviations at 2.5 min. An
improved algorithm better accounting for the cloud effects would certainly alleviate such deviations
which are more evident under fast varying gradients induced by changing clouds. For example,
AMATERASS “sees” slightly more clear sky scenes compared with surface observations while it
tends to overestimate the solar radiation under cloudiness conditions. A finer satellite spatial
resolution would improve the identification of small cumulus clouds.

Moreover, both REs and aerosols contribute to these deviations but their impact is much smaller.
Nevertheless, the portion of these deviations, which arises from the intrinsic difference in comparing
“punctual” measurements and satellite pixels, would be hardly removed. When the pixel is partly
cloudy, surface measurements can greatly vary depending on whether clouds are located or not along
the solar beam path to the sensor possibly resulting in a satellite overestimation or underestimation of
the irradiance at ground. Due to the large field of view of the pyranometer and depending on the solar
zenith angle conditions, even clouds located at kilometers from the station can potentially affect
observations. Unless such effects are accounted by a sufficiently long temporal integration of the
surface observations, this would result in discrepancies with respect to satellite-based estimates.”

Specific comments:

-Page 5, line 25: The CSI is also a function of the cloud optical depth, not only cloud fraction. A fully
overcast sky with cirrus clouds might have a CSI close to 1. Does cloud type have a significant
influence on the data product?

R -> As pointed out by the referee, CSI is a function of cloud fraction and cloud optical depth.
Nevertheless, using the clear sky index or the clearness index for defining the three main categories
of sky conditions (i.e. clear, broken and overcast) is widely accepted (e.g. Serrano et al., 2006; Bech
et al., 2015) and proved to be a simple but helpful way to easily compare large datasets of global
irradiance under different sky conditions. We included such considerations in the revised manuscript
(p. 7,1.16-18). For your reference, we reported below an example of comparison between cloud
fraction and CSI for Chiba station. The cloud fraction explains more than 90 % of the variance of
CSI index.

Preliminary analysis based on H8 cloud type classification did not show significant influence of
specific cloud type on the solar irradiance differences between satellite and ground observations.
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values in reverse order) in 2016 at Chiba station (cloud fraction averaged from 2 near JMA
stations).

-page 6, line 10. I assume this should be irradiance, instead of radiance?
R -> Yes, thank you!

- page 7, lines 13-16 and Figure 3, left inset: I disagree with the statement made by the authors that
the data supports the assumption that a larger RMSE is correlated with cloud fraction. The left inset
to Figure 3 is made up of two distinct dataclouds, 6 at high cloud fraction, of which 4 are outliers,
and only the two leftmost which confirm the authors’s assumption. If these 6 datapoints at high cloud
fraction are neglected, then the remaining datapoints show no correlation at all between RMSE and
cloud fraction. The linear fit is too suggestive and not representative for the dataset.

R -> we agreed with the referee in that the inset does not clearly confirm the correlation between
RMSE and cloud fraction so we further extended this analysis, updated the old Fig. 3 and added a
new figure in the right panel. Overall, we found that this assumption is not always valid since, in
addition to cloudiness, specific features of the different climatic regions as well as topographic
constrains likely determined the RMSE. In the revised version of the manuscript the following
discussion was included (p.9, 1. 14 to p.10, 1. 30).
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Fig. 3 [new]: (left panel [updated]) Influence of cloudiness (i.e., total cloud fraction, blue to yellow
contour map) on the monthly RMSE of ground observations and Himawari-8 estimates of solar
radiation at the 47 stations (points) in the Japanese Meteorological Agency (JMA) network in May
2016, inset: Scatter plot of the total cloud fraction and RMSE for the stations in the central and
south regions (i.e. within the area delimited by the black line). (right panel [new]) Correlation
between monthly RMSE and cloud fraction at each JMA station for 2016 plotted over the Japan
Digital Elevation Model derived from GTOPO-30 (https://lta.cr.usgs.gov/GTOPO30). The three
main regions, i.e. north, central and south, are enclosed by blue, red and green dashed lines,
respectively; violet circles show the location of the SKYNET stations, inset: mean RMSE (bold lines)
and minimum and maximum RMSE (points) for the different regions for December to January 2016.

“The right panel of Fig. 3 shows the correlation between monthly RMSE and cloud fraction at each
JMA station for January to December 2016 plotted over the Japan Digital Elevation Model derived
from GTOPO-30 (https://Ita.cr.usgs.gov/GTOPO30). Overall, the correlation was always positive but
it ranged from more than 0.9 to less than 0.2 for the different stations. As Japan extends from north to
south for about 3000 km, it is characterized by a variety of climatic regions which affected the
pattern of the correlation. Indeed, according to previous studies (e.g. Ohtake et al., 2015), we can
distinguish at least three main climatological regions and additional smaller areas. The first region
(enclosed by the blue dashed line) is the norther part of Japan, mostly characterized by a subarctic
climate, which provided a uniform response and small differences between Hokkaido and the north
of the mainland (i.e. Tohoku). Here, except for two stations located in the Pacific sector of Japan,
usually the correlation was lower than 0.4. Then, the large central region (within the red dashed line),
which is characterized by humid and temperate climate, presents a more articulated pattern. The flat
and strongly urbanized Kanto region (i.e. around Tokyo) showed the highest correlation values (r >
0.9). The SKYNET station of Chiba University is located here and it is supposed to be representative



of this area. Then, correlations became slightly lower toward south with an evident distinction
between the east coast, characterized by higher correlations, and the west coast, which presents lower
values. It is worth noting that in winter the west coast is usually affected by elevate snowfall levels,
while the Pacific coast usually shows frequent clear sky conditions. Fukue SKYNET station is
located in the south-west sector of this region.

Stations in mountain regions usually present peculiar features that distinguish them from the stations
located near the sea. A recent validation of three satellite-based radiation products over an extensive
network of 313 pyranometers across Europe (Urraca et al., 2017) showed that stations sited in the
Alps and Pyrenees have errors (i.e. RMSE and MB) two or three times larger than the ones of other
locations. In mountainous regions, the altitude varies sharply and affects not only surface related
parameters, but also the state of the atmosphere. Therefore, satellite models can fail in such areas
because the spatial and temporal resolutions are not high enough to account for the sharp terrain and
changing weather conditions (Diirr et al., 2010; Castelli et al., 2014). Accordingly, although not
shown here, in the central and norther Japan we found larger RMSE values for stations in
mountainous regions compared with seaside stations. Finally, we note a somewhat uniform
correlation (r > 0.6-0.8) in the subtropical region (enclosed by the green dashed line) along the
Pacific Ocean where the largest precipitation usually occurs. The SKYNET stations of Cape Hedo
and Miyako are located in this latter region.

The peculiarity of the different regions is manifest when focusing on the annual cycle of RMSE (see
inset in the right panel of Fig. 3). Generally, higher RMSE values were found in summer being the
values highest in the subtropical region, followed by the central and the norther region. On the other
hand, in winter RMSE values in the north were found similar to the ones of the subtropical region.
Future analyses, based on longer time series, are expected to further highlight the satellite
uncertainties at the different locations and, potentially, improve the accuracy of the satellite-derived
dataset by site-adaptation methods (Polo et al., 2016).

Since reanalysis usually do not assimilate cloud fraction directly from observations, issues of
MERRA in reproducing the cloud fraction for specific locations and periods can be expected.
Moreover, uncertainties in the clouds identification from the EXAM algorithm should be also taken
into account. Both of them would affect the correlations shown in Fig. 3. We compared the monthly
output of MERRA with visual observations recorded at the JMA stations and we found that, despite a
systematic bias in the amount of cloudiness (reanalysis underestimates the cloud amount by about
0.1-0.2), MERRA satisfactory reproduced the month-to-month variability in 2016 in both central and
north Japan (with some difficulty for the subtropical region). On the other hand, the EXAM
algorithm can face difficulties in the cloud identification under bright albedo (i.e. snow) conditions or
in presence of small size clouds. For example, it is likely that the bright surface albedo would play a
role in determining the different response in the east and west coast. Moreover, other factors such as
the type of cloudiness or the location of the station, with possible constrains induced by the
morphology and altitude, likely determined the RMSE.

Taking the above results into account, we excluded the stations in the norther region from the scatter
plot (left inset of Fig. 3) and a good correlation (r = 0.85) between cloud fraction and RMSE for May
2016 was found. For points corresponding to stations in the subtropical region, we note that a large
spread in RMSE is coupled to high cloud fraction (however, if these points are removed, the



remaining ones still show an evident correlation (r = 0.74)). A somewhat small RMSE can also be
expected, if a stable overcast sky dominates (Qu et al., 2017). Therefore, the larger spread could be
related to the frequency of such extreme conditions at the different stations of the subtropical
region.”

- page 7, discussion on surface albedo. I have understood that the surface albedo is retrieved from the
satellite data itself, and that problems occur when clouds and albedo are misclassified.

My question: Is the surface albedo retrieved independently for every time slot, e.g. every 2.5
minutes, or does the algorithm use the fact that while clouds can very extremely fast, surface albedo
will be slowly varying, on the scale of days or more?

R -> yes, the retrieval of the surface albedo is based on a statistical approach over longer periods (30
days time window) which estimates the land surface albedo by the 2-nd minimum reflectance method
(Fukuda et al., 2013). We included this information in the revised manuscript (p. 11, 1. 1-3).

-page 8, line 17-18. It would the interesting to know more about the dependency between RE and
SZA and add some quantitative values.

R -> Following the suggestion of the reviewer, in the revised manuscript we expanded this section
(p.12, 1. 3-11) by mentioning that previous studies (Piedehierro et al., 2014) found that at middle/low
SZA (roughly < 40°) the occurrence of REs is almost equally distributed while for larger SZA
(roughly > 40°) their frequency decreases along with increasing SZA.

On the other hand, simulations showed that for the overhead zenith angle the magnitude of the REs is
highest for low cloud optical depth (COD, about 2-3), while their magnitude increases with
increasing SZA and reach the maximum for high COD values (Pecenak et al., 2016).

In agreement with these previous results (Piedehierro et al., 2014; Pecenak et al., 2016), our dataset
shows that, although REs are nearly equally distributed during the day, the occurrence of the
strongest events occur mostly at high SZA. We also checked the relation between COD and REs by
exploiting H8 COD data (Nakajima & Nakajima, 1995) for Chiba station. In the greatest majority of
the cases REs resulted to be coupled with COD of about 0.5-5, although a few were associated with
higher COD.

-page 11 and Figure 9. In my opinion the solar radiation forcing with respect to AOD should depend
to some extent on airmass, e.g. SZA, since the attenuation of solar radiation is mainly from the direct
beam radiation and thus follows the Beer-Lambert law.

R -> Yes, the instantaneous forcing efficiency depends also on airmass i.e. SZA.

In the revised version of the manuscript (p.15, 1.29 to p.16, 1.11) we clarified this issue. We added the
discussion below, we provided new references and updated the original Fig. 9 with two additional
panels showing the attenuation in percentages per aerosol optical depth slant (AODS) unit.

“In a recent paper (Irie et al., 2017), by running radiative transfer simulations including aerosol
proprieties observed at the SKYNET Chiba station, we showed that the relative decrease of solar
radiation induced by an increasing AOD is larger at high SZAs. In some previous studies based on
surface measurements (e.g. Xia et al., 2007; Cachorro et al., 2008; Di Biagio et al., 2009, 2010), the
instantaneous forcing efficiency has been computed for small SZA ranges as a preliminary step to
estimate the mean direct aerosol forcing. However, usually small differences in the forcing efficiency
have been reported for SZA of 10-60°. Thus, because of the additional constrains due to the satellite
acquisition times and clear sky observations and since data recorded at high SZAs were previously
excluded, in Fig. 10 we showed the forcing efficiency for the whole dataset. An additional issue is
due to the fact that the instantaneous forcing efficiency can be only partially described by a simple



linear fit and, for the same aerosol family, the estimation of the change in solar radiation for AOD
unit is rather different if computed over different AOD ranges. In our dataset, while we have a large
range of AOD for mid SZAs, we have a much smaller range for high SZAs which is probably
insufficient to extrapolate a reliable efficiency. Moreover, the slope of the linear regression is also
affected by the different type of aerosols (e.g. Di Biagio et al., 2009, 2010), therefore sampling the
data for different SZA could introduce further issues if episodes of different aerosol types occurred
along the year. Nevertheless, in the bottom panels of Fig. 10 we tried to remove the SZA effect on
AOD by computing the percentage decrease of solar radiation in function of the aerosol optical depth
slant (AODS i.e. AODS = AOD/cos(SZA); e.g. Garcia et al., 2006) and we obtained -14.3 and -

14.5 % per AODS unit at Chiba and Fukue, respectively.”
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Fig. 9 [updated, now Fig. 10] — (top panels) Scatter plots of the difference in clear-sky surface
global radiation (SKYNET observations minus Himawari-8 estimates) and measured SKYNET AOD
at 500 nm under clear-sky conditions between January and December 2016 at the Chiba (left panel)
and Fukue (right panel) stations. The regression line, its slope, and the correlation coefficient are
also shown. (bottom panels) Scatter plots as above but for percentage difference in global radiation
and aerosol optical depth slant (AODS).

- Conclusion, page 13, line 14. I do not see how this statement is an outcome of this paper, since the
only comparison to an other satellite product was Himawari-7.

R -> we removed this sentence.

However, in the light of your comment, we explicitly compared our findings with results from recent
validation exercises performed for other satellites at high temporal resolutions. Therefore, additional
validation references have been reported in the introduction section of the revised manuscript (e.g.
Rufet al., 2016; Zo et al., 2016; Qu et al., 2017; Kosmopoulos et al., 2018). Then, an explicit
comparison with these and other previous results has been included in the new discussion section (p.
17,1. 1-27) as follows:




“Since the different weather conditions finally determine the validation, it is not straightforward to
compare our results with validations obtained by previous studies based on other satellites/algorithms
and regions. Nevertheless, our results appear to be at least comparable to the previous ones. Since
there is a lack of concurrent operational products of surface solar radiation with a resolution
comparable to AMATERASS (i.e. at 2.5 min), in the introduction we focused on results obtained
from datasets with a resolution of 1 h and 15 min. Here we note that the majority of the earlier
studies (e.g. Nottrott and Kleissi, 2010; Thomas et al., 2016a,b; Qu et al., 2017) reported a general
overestimation in the estimated solar radiation by a few tens of W/m2. This occurred despite the fact
that aerosols were taken into account in the algorithm. A comparable overestimation, which did not
depend on the temporal resolution adopted, has been found in our analysis. This suggests that, when
dealing with all-sky conditions, usually the role of aerosols is marginal compared with the one of
cloudiness. In particular, in correspondence of stations located in the flat and strongly urbanized
Kanto region (e.g. Chiba), the satellite overestimation ranged from a few percent in winter to about
10 % in summer (with a MB around 20 W/m2 on annual basis) and roughly followed the annual
cycle of the cloud amount (i.e. smaller in winter and larger in summer). On the other hand, the
RMSE between observations and satellite-based estimates did depend on the resolution (see Tab. 2)
and in our analysis the annual RMSE resulted to be reduced to about one third of its original value
(computed from data at 2.5 min) when statistics were computed from daily means.

For Japan, RMSE values computed from high resolution (i.e. 10 minutes) estimates usually ranged
between 60 and 90 W/m2 with larger values occurring in summer, especially in the subtropical
region (see the inset in the right panel of Fig. 3). Such values resulted to be comparable to RMSE
values obtained from validations performed at similar resolution for Europe (i.e. 15 min, Qu et al.,
2017) or even to values from hourly datasets for Canada and Italy (Djebbar et al., 2012; Federico et
al., 2017). In the latter evaluation, the authors reported a RMSE in the range of 150-200 W/m2 for
three mountain stations (two of them over 2000 m a.s.1.). It is worth noting that such values are
higher even than RMSE obtained from the instantaneous (i.e. 2.5 min) dataset at tropical stations. In
this recent study (i.e. Federico et al., 2017) the authors suggested that in these locations RMSEs were
affected by specific constrains induced by the morphology and/or the larger amount of cloudy days
with respect to other locations. In Japan, among the SKYNET and JMA stations not one is located at
analogous altitudes so we cannot compare this feature. On the other hand, we checked if the largest
RMSE values found for the subtropical islands were associated with less clear sky days. By using the
CSI between 0.9 and 1 as a proxy of clear sky conditions, it resulted 5 % more clear sky days at
Chiba than in the other subtropical SKYNET locations. Therefore, this could explain the slightly
worse results obtained for the SKYNET subtropical stations compared to Chiba.”

Figures: Figure 2: The resolution is not very good and the values shown in the subsets are not easy to
read.

R -> In the revised paper we included high resolution figure files and now the text should be
readable; please also note that the statistical values in the subset are also reported in Tab. 1.

Figure 3: As mentioned in my previous comment, the suggestive linear fit between RMSE and cloud
fraction is not convincing, since it depends on the two outlier points at high RMSE and high cloud
fraction. Another view could be that there the top six points are outliers, and the remaining points
show no clear correlation between RMSE and cloud fraction.

R -> we carefully addressed this comment in the previous reply. Overall, we found that, in addition
to cloudiness, also climatic regions and topographic constrains determine the correlation. So, we
updated the left panel and included a new analysis in the right one.



Figure 6: The text in the four sub figures is very difficult to read, possibly for lack f resolution, and
the chice of colors. Especially the yellow text is unreadable. The variables need to be defined in the
caption.

R -> In the revised paper we included high resolution figure files and now the text should be
readable. We also defined the variables in the caption.

Figure 9: as mentioned previously, I expect the aerosol radiative forcing to also depend on airmass. Is
it possible to add this information, or mention it in the accompanying text?
R -> Agreed! We included this information in the revised manuscript (see our previous reply).

Figure 10: I suggest to plot the right (red) AOD axis in reverse, to show even more clearly the anti-
correlation between AOD and residuals.

R -> we tried that but, in this way, we cannot distinguish the error bars of the two datasets, so finally
we did not modify the original figure.

In the caption, the error bars need to be better explained. Does it for example represent the standard
deviation?

R -> Yes, it is the standard deviation. In the revised manuscript, we explicitly mentioned this in the
caption.

Table 2: I assume that the information given in table 2 should be consistent with the information
given in Figure 67 In that case, it would be better to harmonise this information, and give the slope in
the same units, not the inverse.

R -> actually the information given in table 2 is consistent with the information given in Figure 6.
Nevertheless, while in Fig. 6 we reported the statistics for different clear-sky index ranges, in table 2
we show the overall statistics related to the whole dataset (i.e., independently on the cloud
conditions).
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