How big 1s a big
cloud?
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Since > 1 (empirically § = 4/3), the last term is zero so

P=Nz—s(c) (385)
which is consistent with the prospectus argument where N &2 and P o< €71 if we take s(§) x &

So how does the number of clouds depend on the resolution? Consider m uring a cloud field at
resolution £ with total number N and then increasing the resolution to &. We assume all the original
clouds remain intact so N, can be broken up into Ny+ new, smaller clouds, which follow the same perimeter
distribution
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N, =N+ N, / nydp (386)
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N / nydp + N, / nydp (387)
#(61) Va(6a)

N / nydp. (388)
(62) &

P (6
The factor N, j_“‘///n,//// can be thought of as an extrapolation of the histogram to

We use the same functional form of the distribution (
iy, = n,(£1)). So if we integrate this

smaller perimeters
Niny) and simply integrate over a smaller band (here

N, N‘/ Bls(&)) p " \dp (389)
Jol(€2)
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\introduction

The dynamic complexity of cloud fields presents a significant challenge to
modeling the earth's climate, but the past decades have seen tremendous
improvements to model representations of cloud interactions at ever finer
resolutions. The next generation of $\unit{km}$-scale climate models will be able
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Figure 1. Left: Logarithmically-binned histograms of cloud perimeters for each satellite dataset and SAM. Right: Measured values of 3 (the
negative slope of the histogram on the left) compared to Eqn. 3. The grey line represents the mean value of 3 for all satellites. Uncertainties

are derived from the linear regression standard error as 95% confidence intervals.

again produces an outlier value of 5 = 1.07 4 0.09. These values generally disagree with those found in SAM simulations
(where 8 = 1.04 £ 0.06) and the expectation from Eq. 3 (where 5 = 1).
Power law behavior in both cloud area distributions and cloud perimeter distributions implies, through Eqn. 4, a fractal
170 dimension D. Using the mean values of o and 3, D = 1.4+40.2, in good agreement with previous studies, which have generally
found values of D near 4/3 (Lovejoy, 1982; Batista-Tomas et al., 2016; Cahalan and Joseph, 1989).

In both the area and perimeter distributions, we find no evidence for the scale breaks a,;,,y Or pi,ax Over the domain analyzed
after accounting for distribution edge effects, implying a,,.x = 3 x 10%km?. If the distribution edge effect is ignored, a spurious
scale break is introduced; however, the location of this “scale break” strongly depends on whether edge-touching clouds are

175 included in the analysis or discarded. As an example, if edge-touching clouds are discarded in MODIS, a scale break is
introduced at approximately amax ~ 10°km?, but if they are instead included, amax ~ 2 x 10°km?. Given the disagreement in
the literature over the value of an,ax and that previous studies do not commonly mention how edge-touching clouds are treated
(Cahalan and Joseph, 1989; Benner and Curry, 1998), or in some cases state they are removed with no adjustment (Christensen
and Driver, 2021), we suggest a possible reason for the disagreement is the treatment of edge clouds. We find an,ax to be larger

180 than some have previously suggested, and find no evidence it lies within the range of cloud areas considered here (and therefore

lies somewhere above 3 x 10%km?).
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We hypothesize more clouds

Today Warmer climate

— Atmosphere gets WAY warmer —

o
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— Surface gets warmer —
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How do clouds affect the climate?

- (Clouds warm the surface.
- but block sunlight, cooling the surface.

- (Can you hypothesize what the total effect will be?



