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Thank you very much for reviewing our manuscript. We appreciate the feedback and
feel that the comments have helped us to improve the quality of the paper.

Below, each comment is quoted in italics and followed by its respective author re-
sponse. A corresponding revised version of the manuscript is attached to this re-
sponse as a supplement. It has been prepared by means of latexdiff and highlights
all differences between the original and revised versions of the paper. All page and line
numbers quoted below refer to this supplement file.

This paper examines clear sky irradiance at 1 Hz. Given the response
time of solar photovoltaics and solar photothermal, is this frequency neces-
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sary? I suspect an argument for this could go either way; please include a
discussion in the discussion/conclusions.

On the one hand, typical solar thermal energy (STE) systems are intentionally designed
with storage capacities, and 1 Hz irradiance data is probably not necessary for the
majoroity of applications involving STE.

On the other hand, the response of a single photovoltaic cell to changes in its illumi-
nation is orders of magnitude faster than 1 Hz and thus virtually instantaneous within
the scope of our analyses. Of course, when aggregating many cells in a PV module,
and then connecting a large number of modules in a PV system, spatial smoothing
increases the system’s response time. For very many inter-connected PV systems
in a very large area, e.g. all of Europe, the necessary temporal resolution of data is
hence appreciably reduced (the European Energy Exchange, for example, uses 15
minute time steps for electricity trading). However, Marcos et al. (2011b) find rare
power fluctuations of e.g. up to ± 50 % from one second to the next (and changes
of more than 90 % for a time lag of 20 s) in 1 Hz power data from a single, relatively
small, 48 kWp PV plant (typical rooftop systems are smaller yet and experience less
smoothing). Yordanov et al. (2013b) even argue that the optimal temporal resolution
of single point measurements should be around 10 Hz, in order not to miss extremely
short but relatively high magnitude changes. Thus, a temporal resolution of 1 Hz may
not be necessary for large-scale analyses, but it is key to characterize local short-term
variability in solar irradiance on the spatio-temporal scales that we investigated.

We have extended the corresponding paragraphs in section 6 (Discussion) on page 18
(lines 30–32) and page 19 (lines 1–11) in line with the above answer.

The finding that of a very low spatial autocorrelation at tau=1 is not sur-
prisingly, given the physical nature of clouds. Indeed, previous papers cited
by the author suggest that the spatial autocorrleation should be low even at
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5 or 15 minute time steps. Why is this important to have discovered, and
what does it show beyond what we already know?

We agree that very low spatial autocorrelation coeffcients of clearsky index increments
ρ
∆k∗τ
ij are indeed no surprise for τ = 1 s. However, we rather see the reason for this

in the smallest inter-sensor separation bin (ranging from 28 m to 51 m) being much
greater than typical cloud speeds (between 2 ms−1 and 10 ms−1). The cloud-induced
shadows would frequently have to cover the shortest of the sensor pair distances within
a second, in order to yield high values of ρ∆k∗τ

ij at short distances. For a robust char-

acterization of the decrease of ρ∆k∗τ
ij from 1 to 0, the pyranometer network would have

to be reconfigured to feature much shorter inter-sensor distances. We have inserted a
short paragraph along these lines at the appropriate place in section 7 (Conclusions)
on page 20 (lines 21–25) to make ourselves more clear.

We disagree, however, that previously published papers would generally suggest ρ∆k∗τ
ij

to yet be low for time lags of 300 s or even 900 s on the small spatial scales considered
by our analysis. For example, the virtual networks studied by Perez et. al. (2012)
on average suggest positive station pair correlation coefficients of 1.0 at distances of
100 m for these time lags, and correlation coefficients of ∼ 0.6 (∼ 0.75) for distances of
1000 m for 300 s (900 s) increments (see their Fig. 4). Likewise, the satellite-derived
model by Hoff and Perez (2012) used for comparison in our Fig. 6 predicts correlation
coefficients for e.g. 1000 m distances to range from 0.375 through 0.75 for time lags
of 300 s, and from 0.643 through 0.9 for 900 s (using effective wind speeds between
2 ms−1 and 10 ms−1). In good agreement with the above, Hinkelman (2013) shows
300 s increments to be associated with ρ

∆k∗τ
ij ' 1 for distances of about 100 m and

ρ
∆k∗τ
ij ' 0.4 for distances of about 1000 m, based on data from a small pyranometer

network during 13 days of broken clouds.

A similar question with the decorrelation... Wouldn’t it make sense that
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the decorrelation distances would be a function of clouds? In an area of
almost entirely one climatic zone, cloud conditions in one location will (al-
most by definition) be correlated with other locations, and thus the distance
needed to obtain decorrelation will increase. It is not clear this is novel; at
a minimum, the authors should describe why this finding grees entirely with
what one would expect from real time data.

We agree that decorrelation distances of ∆k∗τ greatly depend on cloud field prop-
erties. In previous analyses for example, Hoff and Perez (2010 and 2012) argue
that (de)correlation of k∗ increments should mainly be a function of (1) distance, (2)
time scale, and (3) effective cloud speed, while Perpinan et al. (2013) show spatial
autocorrelation structures of PV power fluctuations to depend on (1) distance, (2)
time scale, and (3) one of three daily ’fluctuation categories’ (which are comparable
to our sky types). The distinction between sky types is thus not what is novel about
our study. What is novel, however, is the detailed characterization of ρ∆k∗τ

ij at very high
spatio-temporal resolutions, including – but not limited to – decorrelation distances
under different sky conditions. We have removed the single sentence emphasizing
the varying decorrelation distances under different sky conditions from section 7
(Conclusions) on page 20 (lines 20–21) in order to avoid potential misunderstandings
in terms of what’s novel.

Please also note the supplement to this comment:
http://www.atmos-chem-phys-discuss.net/acp-2016-2/acp-2016-2-AC2-
supplement.pdf

Interactive comment on Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016-2, 2016.
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