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1 HURRICANE DATASET

We analyzed only hurricanes that hit land because GHI is tracked with weather stations

located inland. Additionally, we only focused on hurricanes that reached a category of at

least 3 to filter out the disproportionately large number of hurricanes that do not reach high

categories. Under these conditions, we selected 22 hurricanes for the assessment.

These hurricanes, whose geneses were located in the North American basin, were massive

events that exhibit a variety of conditions over all the Atlantic Coast. Figure S1 shows

the hurricanes’ categories, maximum wind speeds, radii or outermost closed isobar (ROCI),

and radii of maximum wind since genesis throughout all the hurricane duration. Since their

respective geneses, these hurricanes covered a large range of maximum wind speeds and

categories, from tropical storms with wind speeds of 17 ms−1 to category-5 events with wind

speeds above 70 ms−1. In fact, 9 hurricanes out of the 22 reached a category of 5 (Figure

S1a). Also, these hurricanes covered large geographical regions. Figure S1b shows that ROCI

reached 400 km for 13 of the 22 hurricanes and even 800 km for Hurricane Sandy in 2012.

Figure S1c shows that RMW in these 22 hurricanes has a wide range of values. While most

of them (16 out of 22) are below 120 km from genesis to dissipation, 5 reached RMW larger

than 150 km, and Hurricanes Michelle in 2001 and Sandy in 2012 even reached nearly 220

km. While RMWt and R34t define the geometry of the inner-core circulation, ROCIt defines

the outer structure and radial extent of the circulation. However, at ROCIt, there can be

still non-negligible wind speeds, e.g., between 5 and 11 ms−1.1 However, HURDAT2 did

not include the information with the radius at wind speeds of 0 (R0), the shortest distance

where hurricane wind effects completely dissipate. To assess its importance on GHI decay,

we estimated R0 using a wind field model that captures the radial structure of tropical

cyclones.2 Our estimates of R0 show that they reached very long distances, with more than

10 out of the 22 hurricanes exceeding 1800 km. These wide range of hurricane conditions

allowed us to develop a robust GHI decay model.
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(a) Wind speed

(b) Radius of outermost closed isobar

(c) Radius of maximum wind

(d) Radius at 0 hurricane wind

Figure S1: Time-variant features of 22 hurricanes included in the assessment of solar irradi-
ance decay. The hurricanes are shown since their genesis at day 0. Solid lines show hurricanes
while they are over land and dotted lines show them while they are over the ocean. Data
retrieved from Besttrack. R0 is estimated using an existing wind model.2
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2 KEY FEATURES FOR PREDICTION OF GHI DURING HURRICANES

We only included in our analysis daytime data where and when Ī > 10 W-h/m2, which finally

resulted in ∼28M data points. More than 90% of the points included generation between

12 pm and 9 pm UTC, i.e., between 8 am and 5 pm EDT. Figure S2 shows scatter plots

for six different hurricane features: distance from the site to the center, 1-minute sustained

maximum wind, category, ROCI, RMW, and R0.

In addition to analyzing how the geographic extent of irradiance decay is proportional

to the hurricane size (Figure 1), we also explored whether the size of the hurricane has an

additional effect on the intensity of the decay. We investigate the correlation between δ̂h and

three metrics that can account for the hurricane effective size at different times t: the radius

of outermost closed isobar ROCI, the radius of maxium wind RMW, and R0 in Figures S2b,

S2c, S2d, respectively. We focus on the sites up to 100 km away from the hurricane center

to cover sites with intense decays. We observe R2 values of 0, 0.05, and 0.02 (ρ of -0.01,

0.23, -0.14), respectively, in the linear fits for these three scatter plots, indicating that the

predictive power of ROCI, RMW, and R0 for GHI decay intensification is smaller than for

d, V , or C. The low R2 values for ROCI and R0 suggest that while the size of the hurricane

can increase the extent of the geographic region where the irradiance decays, it will not

significantly exacerbate GHI decay to particularly lower values in the first 100 km from the

center.
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(a) Maximum wind speed (b) Radius of outermost closed isobar

(c) Radius of maximum wind (d) Radius to get hurricane wind speeds of 0

Figure S2: Scatter plots showing relationship between GHI decay and key hurricane features.

δ̂h during different hurricanes have different color. For each hurricane, the plots show a

running mean for δ̂h using solid lines. The plots also show linear regressions in dotted lines
and their corresponding R2 values when the multi-hurricane data is lumped together. For
visual clarity, there are only 50k randomly sampled data points in each plot.
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3 NORMALIZING DISTANCE FROM THE SITE TO THE CENTER OF THE

HURRICANE

We investigated the effect of hurricane size on the geographical extent of GHI decay. Figure 3

showed that distance to the center and either maximum wind speed V or category C are good

predictors of GHI decay during hurricanes. To cluster the GHI data according to different

hurricane characteristics, we use C instead of V because of its ability to represent hurricane

intensity simply, with only 6 values, and with similar predictive power to maximum wind.

Tropical storms were considered to have a category of 0.

Here, we provide a summary of the R2 values in Table S1.

Table S1: Coefficient of determination R2 for fitted lines for different normalized distances

Normalized distance R interval TS Cat. 1 Cat. 2 Ca. 3 Cat. 4 Cat. 5

R = d/ROCI [0 - 1.2] 0.19 0.17 0.23 0.25 0.24 0.38
R = d/RMW [0 - 12] 0.06 0.02 0.10 0.19 0.17 0.30
R = d/R0 [0 - 0.6] 0.15 0.18 0.17 0.23 0.18 0.27
R = d/R34 [0 - 2.2] 0.21 0.15 0.22 0.22 0.22 0.45
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(a) Tropical storm (b) Category 1

(c) Category 2 (d) Category 3

(e) Category 4 (f) Category 5

Figure S3: Scatter plot showing relationship between GHI decay and distance normalized

by RMW for multiple categories. For each hurricane, the plots show a running mean for δ̂h

using solid lines. Linear trends are fitted for R between 0 and 12 when the multi-hurricane
data is lumped together. There are 10k randomly sampled data points in each plot.
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(a) Tropical storm (b) Category 1

(c) Category 2 (d) Category 3

(e) Category 4 (f) Category 5

Figure S4: Scatter plot showing relationship between GHI decay and distance normalized by

R0 for multiple categories. For each hurricane, the plots show a running mean for δ̂h using
solid lines. Linear trends are fitted for R between 0 and 0.6 when the multi-hurricane data
is lumped together. There are 10k randomly sampled data points in each plot.
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(a) Tropical storm (b) Category 1

(c) Category 2 (d) Category 3

(e) Category 4 (f) Category 5

Figure S5: Scatter plot showing relationship between GHI decay and distance normalized

by R34 for multiple categories. For each hurricane, the plots show a running mean for δ̂h

using solid lines. Linear trends are fitted for R between 0 and 2.2 when the multi-hurricane
data is lumped together. There are 10k randomly sampled data points in each plot.
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3.1 Mixed-Effects Regression for GHI decay and fitted functional forms

We preprocessed the data by removing sites at long distances from the hurricane center,

where hurricanes did not have significant effect on GHI, removing sites with d/ROCI> 2,

d/RMW> 20, d/R0> 1, and d/R34> 4 (see intervals where hurricane has high effect in

Table S1). Then, we balanced the samples across the hurricane categories and distances

from the center to the sites . There are more data samples for smaller hurricane categories

than larger categories because smaller categories are more frequent. Additionally, there are

more samples at larger distances from the center to the hurricane due to the radial nature

of the values of R and the spatially uniform distribution of the GHI recordings. In order

to ensure that the regression is not heavily controlled by smaller hurricane categories or

by sites that are far away from the center of the hurricane, we binned the data samples

according to their categories and to four equally spaced intervals of R = d/ROCI from 0

to 2. Constrained by the number of samples in close proximity to the hurricane center and

for high hurricane categories, we used 31.25k points from each bin, totalling ∼ 0.75 M data

points for the analysis. Table S2, S3, S4, and S5 show the fitted parameters for all functional

forms and normalizing radii.

Table S2: Fitted parameters for the four functional forms of f in Equation 5 using R =
d/ROCI.

Fitting f1 f2 f3 f4

a1 1.38 1.37 1.34 1.97
a2 2.37 ×10−1 2.46×10−1 2.53 ×10−1 9.65× 10−2

b1 2*6.43 ×10−1 6.43 ×10−1 2*6.47 ×10−1 1.15
b2 3.01 ×10−3 -1.26 ×10−1

c1 2*1.95 2*1.95 2.01 2.48
c2 -1.90 ×10−2 -1.39 ×10−1
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(a) ROCI (b) RMW

(c) R0 (d) R34

Figure S6: Fitted functional form f4, which has the best AIC performance for the four
different normalizing radii.

Table S3: Fitted parameters for the four functional forms of f using R = d/RMW.

Fitting f1 f2 f3 f4

a1 7.78 ×10−1 7.27 ×10−1 8.52 ×10−1 7.47 ×10−1

a2 8.85 ×10−2 1.08×10−1 9.73 ×10−2 1.41× 10−1

b1 2*1.27 9.43 ×10−1 2*1.69 1.02
b2 1.29 ×10−1 2.77 ×10−1

c1 2*1.34 ×102 2*9.74 ×101 1.62 ×101 1.57 ×101

c2 5.89 ×10−1 7.98 ×10−1
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Table S4: Fitted parameters for the four functional forms of f using R = d/R0.

Fitting f1 f2 f3 f4

a1 6.42 ×10−1 1.63 7.61 ×10−1 1.43
a2 1.47 ×10−1 7.50×10−1 2.11 ×10−1 8.66× 10−2

b1 2*5.45 ×10−2 4.66 ×10−1 2*1.06 ×10−1 3.99× 10−1

b2 4.62 ×10−2 -6.36 ×10−2

c1 2*1.04 2*1.05 9.01 ×10−1 1.16
c2 -8.59 ×10−2 -1.44 ×10−1

Table S5: Fitted parameters for the four functional forms of f using R = d/R34.

Fitting f1 f2 f3 f4

a1 1.55 1.47 1.40 2.57
a2 2.45 ×10−1 3.47×10−1 2.90 ×10−1 4.96× 10−2

b1 2*1.30 1.33 2*1.27 2.99
b2 5.28 ×10−2 -3.84 ×10−1

c1 2*3.43 2*3.60 3.64 5.31
c2 -7.70 ×10−2 -4.59 ×10−1
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3.2 Statistical Performance

We compared the statistical performance of the different functional forms and normalizing

distances to represent the GHI decay data using the Akaike information criterion (AIC).3

The AIC is estimated as −2l̂ − 2K, where l̂ is the logarithm of the marginal likelihood and

K is the “‘degrees of freedom correction” equal to the number of fixed parameters and the

mean and variance parameters of the random component.

Figure S7 shows the AIC score for all the functional forms and normalizing radii in the

analysis, and Table S6 reports its specific values. The results show that the model that

performs the best (with the lowest AIC score) is f4 with R = d/ROCI. In fact, for all

normalizing radii, f4, which takes six parameters, performs better than f3 and f2, which

take 5 parameters, and than f1, which takes 4 parameters. Moreover, f3 performs better

than f2 in all cases, suggesting that having a category-dependent scale factor c2 is more

effective than having a category-dependent short-distance correction factor b2. f1 performs

worse than f3, but in a few cases, it performs better than f2.

Figure S6 shows f4 for all normalizing radii. ROCI and R34, which are the radii with the

first and second best AIC performance, exhibit a similar shape where hurricanes with lower

categories take slightly longer distances to reach normal levels of GHI (f4 = 0). R0, which is

the radius with third best performance, shows much longer distances to reach the plateau for

hurricanes with smaller categories. In contrast, RMW, which has the lowest performance,

exhibits smaller extents with GHI decay for hurricanes with lower categories. Based on these

AIC scores, we suggest using f4 with R = d/ROCI to track GHI decay during hurricanes.

Table S6: AIC for fitted functional forms.

Statistical Performance f1 f2 f3 f4

R = d/ROCI 1410509 1410509 1410413 1409974
R = d/RMW 1426868 1426803 1426309 1426099
R = d/R0 1425834 1426288 1421222 1418357
R = d/R34 1414603 1414098 1413676 1412735
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Figure S7: AIC score for f1, f2, f3, and f4 and for four normalizing radii, ROCI, RMW, R0,
and R34. The dotted line highlights the score of f4 with R = d/ROCI, which has the best
performance (smaller value).

4 FRAGILITY FUNCTION FOR ROOFTOP SOLAR PANEL

The fragility curve assesses the likelihood of structural damage, characterized by the onset

of yielding stress in the solar panel rails. According to Figure S6, solar panels can withstand

winds from tropical storms and have a low probability of failure for category-1 hurricanes.4

The uncertainty in the fragility function stems from the stochastic velocity pressure induced

by wind conditions and the uncertainty in the material strength and construction quality.
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