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GRAPH 3: SURFACE TEMPERATURE (°F) OF GRAVEL BALLAST ROOF
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TABLE 4: TEMPERATURE (°F) DATA FOR

GRAVEL BALLAST DRAIN
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Date Maximum | Minimum Average
04/13/2009 52.5 47.0 50.0
04/14/2009 54.9 44 .4 49.7
04/15/2009 52.4 42.8 47.5
04/16/2009 1124 41.5 65.5
04/17/2009 122.6 44 .8 71.9
04/18/2009 100.4 53.7 70.5
04/19/2009 72.6 57.3 64.8
04/20/2009 77.3 44.5 54.3
04/21/2009 58.5 40.0 45.7
04/22/2009 78.4 36.4 51.5
04/23/2009 55.0 40.6 49.7
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The highest average temperature for the gravel GRAPH 5: TEMPERATURE (°F) DATA FOR

ballast roof occurred on April 17 (Table 4). Also, GRAVEL BALLAST SURFACE
that day showed the largest difference between

the maximum and minimum temperature. There i : i

was no rain that day, which would contribute to ‘ %%8 |

the increased average temperature and largest 110 +—

temperature difference. 188 [

The maximum surface temperature for the rainy ?}8

days, April 13, 14, 19, 20, and 21, was higher 60 To

than the high temperature of each particular day. 28 | ,

For example, on April 14, the high temperature 30 - —— ——

was 46 °F, while the maximum surface 2333232323959
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The gravel ballast had a maximum temperature of )

122.2 °F, when the high ambient air temperature e SpTacy Ly

on that day was 69 °F. Thisis a 175% ~#=High Ambient Air Temperature

temperature increase in relation to the outside air - e

(Table 5). This shows the effects of the sol-air

temperature. Even on the coolest day, April 15, )

there is a 114% temperature increase between The highest average temperature, 71.1 °F,

the maximum temperature and the high ambient occurred on April 17. The average surface

air temperature. temperatures that day were similar to those

temperatures recorded for the drain of the gravel
ballast roof. The surface of the gravel ballast

TABLE 5: TEMPERATURE (°F) DATA FOR roof, however, did have the highest temperatures
GRAVEL BALLAST SURFACE throughout the duration of the study. The surface
of the gravel ballast roof reached a maximum
Date Maximum | Minimum | Average | temperature of 124.8 °F. Compared to the high

04/13/2009 54.0 47 4 49.6 ’ ambient air temperature for the day, 69 °F, this is
04/14/2009 52.8 41.7 49.0 a 180% temperature difference, as seen in Graph

" 04/15/2009 50.6 39.2 | 468 5. The sun is hitting the surface of the gravel

| 04/16/2009 114.7 395 | 6438 ballast roof and that heat is being stored, causing

| 04/17/2009 124 8 42 4 711 the surface temperature to rise throughout the

1 04/18/2009 106.8 498 69.4 | day and peak at 5:45 pm. Becauge the s.urface'
04/19/2009 70.6 56.4 63.6 tﬁmpsrat_rre plegks w:en the |Slt;n|:8 ntot hlfghest in

= e sky, it explains why gravel ballast roofs

83;3?@883 ggi g;?) iig contribute to the heat island effect.
04/22/2009 82.9 35.0 51.0

| 04/23/2009 48.1 40.1 44.4 |




TABLE 6: TEMPERATURE (°F) DATA FOR
GREEN ROOF DRAIN

Date Maximum | Minimum | Average
04/13/2009 50.1 45.9 48.3
04/14/2009 53.8 45.0 49.8
04/15/2009 52.1 43.1 474
04/16/2009 104.6 40.7 66.9
04/17/2009 115.2 421 71.9
04/18/2009 104.1 50.0 71.8
04/19/2009 70.2 56.6 62.9
04/20/2009 734 44 .4 54.0
04/21/2009 67.8 42.7 47.4
04/22/2009 86.7 36.5 541
04/23/2009 52.5 394 46.7

rainy days with highs ranging from 62 °F to 74 °F.
The surface temperatures on the green roof
reached over 100 °F during these three days.
The temperature peaked at 1:45 pm on April 16,
2:45 pm on April 17, and 3:15 pm on April 18
(Graph 1). The peaks occurred at roughly the
same time as when the sun is highest in the sky.
This proves that the temperatures seen on a

green roof are responding to the sun’s movement
in the sky throughout the day.

TABLE 7: TEMPERATURE (°F) DATA FOR
GREEN ROOF BELOW SURFACE

GRAPH 6: TEMPERATURE (°F) DATA FOR
GREEN ROOF DRAIN
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The highest temperature recorded for the drain
on the green roof was 115.2 °F (Table 6). This
was also the highest temperature recorded for
any location on the green roof. This is due to the
fact that the location tested near the drain is on a
gravel bed. The drain does not sit directly in the
soil and plants of the green roof.

On April 16, 17, and 18, the drain on the green
roof showed significantly elevated surface
temperatures compared to the other days
studied. This was a period of consecutive non-

Date Maximum | Minimum Average
04/13/2009 48.0 45.5 46.5
04/14/2009 50.0 44.9 47.7
04/15/2009 48.9 42.8 45.9
04/16/2009 85.3 41.5 59.6
04/17/2009 95.8 42.2 64.3
04/18/2009 93.8 48.2 66.5
04/19/2009 66.5 56.3 60.6
04/20/2009 65.6 43.8 52.3
04/21/2009 56.5 41.5 45.1
04/22/2009 71.5 36.9 50.6
04/23/2009 47.9 38.8 42.5

GRAPH 7: TEMPERATURE (°F) DATA FOR
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The maximum temperatures below the soil’s
surface were 95.8 °F and 93.8 °F, occurring on
April 17 and 18, respectively (Table 7).
Compared to the other locations tested on both
the gravel ballast roof and the green roof, these
are among the lowest temperatures recorded for
those days. The sub-surface of the green roof
had an overall maximum temperature of 95.8 °F,
when the high temperature of that day, April 17,
was only 69 °F. This is a 138% temperature
increase in relation to the outside air (Graph 7).
On April 18, there was a 127% temperature
difference between the maximum surface
temperature of the day, 93.8 °F, and the high
ambient air temperature of the day, 74 °F (Graph
7).

TABLE 8: TEMPERATURE (°F) DATA FOR
GREEN ROOF SURFACE*

Date Maximum | Minimum Average
04/13/2009 49.2 454 46.5
04/14/2009 51.1 451 47.5
04/15/2009 48.5 43.1 45.7
04/16/2009 85.5 40.7 58.6
04/17/2009 96.0 411 63.2
04/18/2009 94.0 471 66.2
04/19/2009 66.1 51.6 60.3
04/20/2009 71.8 36.2 44.8
04/21/2009 73.7 37.8 52.7
04/22/2009 - - -
04/23/2009 - - -

*Please note that due to a malfunction with this
particular HOBO data logger, no data was
recorded for the last two days (April 22 and 23).

GRAPH 8: TEMPERATURE (°F) DATA FOR
GREEN ROOF SURFACE
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Similar to the temperatures recorded beneath the
soil surface of the green roof, the surface of the
green roof also had the highest surface
temperatures on April 17 and 18, reaching 96 °F
and 94 °F, respectively. Even though the HOBO
data logger malfunctioned, the data collected
from April 13 — 19 seems accurate.

Since the HOBO data logger did malfunction,
there are two possible interpretations of the data
that was recorded after April 19. One is that all
the data is accurate up to the time the HOBO
completely stopped recording. The other is that
the data is incorrect or altered for April 20 — 21.
Graph 1 shows a separation from the normal
curve created by the other four HOBOs. The
data collected on April 20 — 21 could have been
altered because of the battery losing power and
not being able to record the temperature and time
accurately.

8.2 Temperature of Underside of Roof

Ten locations were chosen to measure the
temperature of the underside of both roofs.
Locations A, C, E, G, and | are located on the
exterior, while locations B, D, F, H, and J are
located on the interior. Because the green roof
has a larger square footage compared to the
gravel ballast roof, locations | and J for the green
roof can be compared to location G and H on the



gravel ballast roof. These locations are at the
end on each roof.

TABLE 9: TEMPERATURE (°F) UNDERSIDE
OF GREEN ROOF

Day 1 Day 2 Day 3
(April 13) | (April 16) | (April 23)

Location A 36.5 63.0 58.0
Location B 38.0 60.5 56.5
Location C 33.5 64.0 60.0
Location D 34.5 61.0 57.5
Location E 34.5 64.5 61.5
Location F 34.0 61.0 58.0
Location G 325 61.5 59.0
Location H 32.5 59.0 56.5
Location | 31.5 66.0 62.0
| Location J 30.0 64.0 62.0

According to Table 9, the temperature difference
between the exterior and interior edges is
minimal. It only varies by a few degrees.
However, the temperature differences between
the end of the green roof, locations | and J, and
the edge closest to the building, locations A and
B, has a difference of eight degrees on April 13
and almost six degrees on April 16 and 23.

TABLE 10: TEMPERATURE (°F) UNDERSIDE
OF GRAVEL BALLAST ROOF

GRAPH 11:. TEMPERATURE DIFFERENCE (°F)
FOR UNDERSIDE OF ROOFS FOR DAY 1
(APRIL 13)
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TABLE 11A: TEMPERATURE DIFFERENCE
(°F) FOR UNDERSIDE OF ROOFS FOR DAY 1

(APRIL 13)*

Gravel Green Temperature
Ballast Roof Difference
(€) (E) __(C-E)

Location A 41.0 36.5 35
Location B 40.0 38.0 3.0
Location C 38.5 33.5 50
Location D 38.5 34.5 4.0
Location E 37.0 34.5 3.0
Location F 37.5 34.0 3.0
Location G 34.5 32.5 2.5
Location H 35.0 32.5 2.0
Location | - 31.5 -
Location J - 30.0 -

Day 1 Day 2 Day 3
(April 13) | (April 16) | (April 23)

Location A 40.0 59.0 520 |
Location B 41.0 61.5 525
Location C 38.5 60.5 54.0
Location D 38.5 63.5 535
Location E 37.5 62.5 58.5
Location F 37.0 64.5 56.5
Location G 35.0 65.0 67.5
Location H 34.5 64.0 65.5

*The afternoon of April 13 weather was cloudy
with light rain.

The gravel ballast roof had a consistently higher
temperature compared to the green roof. While
the temperature difference is only slight, this
slight temperature difference can create an
impact when you consider larger square footages
on the roofs.

The temperatures in both instances decreases
towards the end of the roof. This is most likely
because the closer to the building (Locations A-
D), the heat transfer from the building to the




exterior makes the temperature warmer towards GRAPH 13: TEMPERATURE DIFFERENCE (°F)
location points A-D. FOR UNDERSIDE OF ROOFS FOR DAY 3
(APRIL 23)
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TABLE 12A: TEMPERATURE DIFFERENCE Gravel Green Temperature

(°F) FOR UNDERSIDE OF ROOFS FOR DAY 2 Ballast Roof Difference

(APRIL 16)* (C) (E) _(C-E)
Location A 52.0 58.0 -6.0

Gravel Green | Temperature | | Location B 52.5 56.5 -4.0
Ballast Roof Difference Location C 54.0 60.0 6.0
(C) (E) (C-E) Location D 53.5 57.5 -4.0

Location A 61.5 63.0 -4.0 Location E 58.5 61.5 -3.0

Location B 59.0 60.5 1.0 Location F 56.5 58.0 -1.5

Location C 63.5 64.0 -3.5 Location G 67.5 59.0 8.5

Location D 60.5 61.0 2.5 Location H 65.5 56.5 9.0

Location E 64.5 64.5 -2.0 Location | - 62.0 -

Location F 62.5 61.0 3.5 Location J = 62.0 -

Location G 64.0 61.5 3.5 *The afternoon of April 23 weather was sunny

Location H 65.0 59.0 50 with a slight breeze.

Location | - 66.0 -

Location J - 64.0 -

*The afternoon of April 16 weather was sunny. The gravel ballast roof has lower temperatures
closer to the building at locations A-F. At
locations G and H, the gravel ballast roof has an

Generally, the gravel ballast locations closest to increased temperature. The end of the roof is at

the front entrance turn around, locations A, C, E, locations G and H, which would explain the

and G, have a lower temperature than the green temperature change.

roof at those similar location points.



8.3 Temperature Relationships Between the
Surface of the Roofs and the Underside of the
Roofs

The surface temperatures were compared

between the underside of the roof and the surface

of the roof on April 13, 16, and 23.

GRAPH 14. COMPARISON BETWEEN
UNDERSIDE AND SURFACE OF GREEN ROOF
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As seen in Graph 14, April 13 and 16 depict the
anticipated results from lowest to highest
temperature: the underside of the roof, the below
soil surface temperature, the surface
temperature, and the temperature near the drain.
On April 13, the temperature difference between
the underside of the roof and the surface of the
green roof is fourteen degrees. Even though the
ambient air temperature on April 16 was higher
than on April 13, the underside of the roof was
cooler than the surface. The temperature
difference between the underside of the roof and
the surface was more significant, with an
eighteen degree difference.

The results from April 13 and 16 prove the
hypothesis to be correct. The temperature of the
underside of the roof is indeed lower than the
surface temperature of the green roof.

GRAPH 15: COMPARISON BETWEEN
UNDERSIDE AND SURFACE OF GRAVEL
BALLAST ROOF
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Compared to the results from the green roof, the
gravel ballast roof seems to be having the
opposite effects. For April 16 and 23, the
underside of the roof is the warmest temperature.
The hypothesis states that the underside of the
gravel ballast roof would be cooler than the
surface, and as seen in Graph 15 on April 16 and
23, this disproves the hypothesis.

9. CONCLUSIONS

A total of five Onset HOBO U12 Data Loggers
were used to collect surface temperatures on the
green roof and on the gravel ballast roof. Three
were used on the green roof and two on the
gravel ballast roof. In addition, ten locations were
chosen to measure the temperature of the
underside of both roofs. During the ten day
testing period, there were two periods of
consecutive rainy days. As a result, there were
also two periods of consecutive non-rainy days.
The surface temperature differences seen
between the two roofs were dependent on the
climatic conditions that day.

The hypotheses being tested were as follows:

Compared to the surface temperature of the
gravel ballast roof, the surface temperature of



Minnetrista's green roof will be 25 degrees cooler.
In addition, the underside of the green roof will be
10 degrees cooler than the gravel ballast roof.

The underside of both roofs will be cooler than
the surfaces, but the temperature of the
underside of the green roof will be 10 degrees
cooler than the surface.

The surface of the gravel ballast roof did have the
highest temperatures throughout the duration of
the study, 124.8 °F. The highest temperature
recorded for any location on the green roof was
115.2 °F. This is a 9.6° difference, thus proving
the hypothesis to be incorrect. While the green
roof had a cooler surface temperature, it was not
the anticipated 25° difference. This is due to the
fact that the location tested near the drain is on a
gravel bed. The drain does not sit directly in the
soil and plants of the green roof. However, the
location is still apart of the green roof. If you
compare the maximum temperature below the
soil's surface, 95.8 °F, to the maximum
temperature of the gravel ballast roof, 124.8 °F,
there is a 29° difference. This was closer to the
anticipated results.

The second hypothesis stated that the underside
of the green roof would be 10 degrees cooler
than the gravel ballast roof. This hypothesis was
also proven incorrect. The largest temperature
difference was 9°, as seen in Table 13A at
Location H. The smallest temperature difference
was one degree, as seen in Table 12A and Chart
12.

The third hypothesis stated that the temperature
of the underside of the green roof would be 10
degrees cooler than the surface temperature, and
this was proven correct. As seen in Graph 14 on
the April 16, the temperature difference between
the underside of the roof and the surface was
almost 18 degrees. Surprisingly, the temperature
difference near the drain and the underside of the
roof was 39 degrees.

Through the course of the study, additional
analysis was made, which showed how effective

green roofs are during warmer, non-rainy days.
As seen in Chart 1, the temperature peaks on the
non-rainy days for the surface of the gravel
ballast roof are delayed compared to those
temperature peaks on the green roof. Surface
temperature peaks on April 16 and 17 show how
the green roof’s temperature peaks almost 3
hours before the gravel ballast roof. On April 16,
the surface temperature of the gravel ballast roof
peaked between 5:30 pm — 5:45 pm, while the
green roof's surface temperature peaked at 1:45
pm near the drain and 3:15 pm — 3:30 pm on and
below the soil surface.

On April 16, 17, and 18, the drain on the green
roof showed significantly elevated surface
temperatures compared to the other days
studied. This was a period of consecutive non-
rainy days with highs ranging from 62 °F to 74 °F.
The surface temperatures on the green roof
reached over 100 °F during these three days.
The temperature peaked at 1:45 pm on April 16,
2:45 pm on April 17, and 3:15 pm on April 18.
The peaks occurred at roughly the same time as
when the sun is highest in the sky. This proves
that the temperatures seen on a green roof are
responding to the sun’s movement in the sky
throughout the day.

The surface of the gravel ballast roof reached a
maximum temperature of 124.8 °F. Compared to
the high ambient air temperature for the day, 69
°F, this is a 180% temperature difference, as
seen in Graph 5. The sun is hitting the surface of
the gravel ballast roof and that heat is being
stored, causing the surface temperature to rise
throughout the day and peak at 5:45 pm.
Because the surface temperature peaks when the
sun is not highest in the sky, it explains why
gravel ballast roofs contribute to the heat island
effect.

While the gravel ballast roof showed a 180%
temperature difference, the surface and the soil of
the green roof showed on average a 130%
temperature difference between the maximum
temperatures and the high ambient air
temperature. This shows how effective green
roofs are. Since this research was conducted in
the April, it is most likely that the green roof will



have lower percentages during the Summer
months, when Muncie's high air temperatures can
reach 100 °F.
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