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Figure 5 Total time series of precipitation (A), soil volumetric water content (B), and solar
radiation (C) at both roof locations.
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Figure 6 Total time series of temperature (A) and relative humidity (B) at both roof locations.
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Each analyzed storm event was given a letter identification. The letter ID’s assigned to
each event are used in subsequent sections. The start and end time of each event, total
precipitation, average intensity, maximum intensity, and antecedent moisture at both locations
for the previous two hours were recorded. The duration is defined as the time span from the
beginning to the end of a storm event. A rain event was considered complete when no
precipitation had occurred for six or more hours. The storm durations ranged from fifteen
minutes to fifteen hours. The maximum intensity of each storm is also listed and defined as the
highest rainfall volume occurring in a fifteen-minute period during the event. The antecedent
moisture content (AMC) is the average soil moisture content over the two hours prior to a storm

(Table 4).



Table 4 Analyzed storm events, separated by date and time.
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Storm | Start Time End Time Total P Avg. Max Clough Southface
ID (mm) Intensity Intensity | AMC AMC
(mm) (mm) (Previous | (Previous 2
2 hrs) hrs)
A 6/1/2018 13:00 | 6/1/2018 19:00 | 21.43 1.43 5.94 0.097 0.123
C 8/9/2018 13:45 | 8/9/2018 18:00 | 23.5 2.61 13.17 0.14 0.125
D 9/26/2018 16:15 | 9/26/2018 10.92 1.21 5.84 0.116 0.016
19:15
E 9/27/2018 9/27/2018 16.51 2.39 13.21 0.142 0.073
F 10/10/2018 8:45 | 10/11/2018 109.73 2.11 8.38 0.134 0.03
5:15
G 10/25/2018 10/26/2018 24.38 0.53 1.52 0.148 0.047
21:30 11:30
H 11/12/2018 4:45 | 11/14/2018 81.28 0.89 4.06 0.145 0.137
0:30
I 11/14/2018 7:15 | 11/14/2018 1.27 0.25 0.25 0.185 0.167
9:15
J 11/14/2018 11/15/2018 32 0.58 1.52 0.185 0.169
16:00 7:30
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Storm intensities ranged from 0- 12.5 mm in total rainfall. Over this 6 month analysis,
storm events with 15 minute rainfall intensities of 0-2.5 mm were the highest percentage of
events with almost 90% of the rainfall periods having this intensity (Figure 8). A storm intensity
of over 10 mm was highly unikely, with under 5% of the total 15 minute periods of rainfall

having this level of instensity.
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Figure 7 Frequency distribution of fifteen-minute rainfall totals.

Figures 9-14 below show the change in the soil volumetric water content over the course of each
analyzed storm event, where the peaks during each event represent the maximum water content
reached during that storm. The letter identifications given to these events correspond with those
listed in Table 4 above. Multiple storms were combined when they took place over consecutive
days or a second storm occurred close to the soil moisture recession stage from a past event. This
occurred for storms H, 1, and J, where three storms took place close together and each event
impacted the antecedent moisture of the next, occurring with the recession of one another (Figure
14). The first storm event in this series (Storm H) had a total rainfall volume far above the rest of

the events over the three-day period. The total was 81 mm compared to the 1.27mm and 32 mm
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of the final storm. The final VWC that was reached at Southface was 19%, while Clough was
26%, so during this large storm event with almost the same initial VWC, Clough increased the
soil moisture capacity by 12% and Southface by 6%. After the slight recession in response to the
peak of storm H on November 12, between 18:00 and 19:00, soil moisture stays consistent until
November 14.

The next storm in the series, 1, had the lowest total precipitation and maximum intensity,
and began and ended with almost the same soil moisture content. There was a clearer difference
in the behavior at each roof during the final analyzed storm. This final storm was the third largest
storm out of the ten, with an excess of antecedent moisture from the previous two storms. The
initial soil volumes were similar, with Southface at 17% and Clough at 18%, but they were able
to increase to 18 and 23%., concluding that after prolonged, intense saturation, an intensive roof
(Clough) is better equipped to handle an influx of precipitation.

The difference in outflow rate from the first storm (Figure 21), compared to the final
storm (Figure 22) shows an increase in deterioration in retention performance at Clough. The
ouflow trend at Southface stayed about the same, but Clough had a discernible outflow increase
by storm J. The analyses for storms H, I, and J exhibit the effects of an increasing AMC with
little recession time between storms. Storm J has a high AMC as a result of the two previous
days of storms. When the AMC’s at both locations were the same in this later scenario,
Southface was superior in maintaining retention capabilities throughout a high volume storm
event.

The intensive (Clough) and extensive (Southface) display moisture peaks at the same
time because of the influx of precipitation at both sites. This can be seen in each soil moisture

graph (Figure 9-14). An example of this can be seen in Figure 12 on October 10. The peak



