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Artist Statement 
Green Roofs: It's more than just Grass 

A Case Study of Minnetrista's Green Roof 

The concentrations of my architectural education are environmental design and 

energy efficient design. These two topics were the reasons I entered the architectural 

field just a few years ago. Architecture should have a relationship with its 

environment, while being conscious of a building's ecological footprint on the site. 

Architecture and construction should strive to become a regenerative process. 

Architects should be environmentally responsible individuals and that should 

reflect what they do in practice. Many times it seems that architects just do what the 

client wants without informing them of the possibilities there are to be environmentally 

responsible. The clients do not want to spend any more money than they have to and 

they automatically assume that green design is more expensive. This project allowed 

me to research the many advantages green roofs have to offer and I feel very 

confident in saying I could convince clients to incorporate a green roof in the design. 

There are many advantages that green roofs offer that pay themselves back over 

time. 

The reason I wanted to study green roofs was so I would get a better 

understanding of them and how they work. My Honors College education has made 

me question why things are the way they are. It makes me want to be proactive in my 

education and in the architecture profession. I do not want to take things for face 



value anymore. I want to research and investigate topics for myself and get a hands

on approach. 

Before this project began, I had read numerous articles about how thermally 

effective green roofs are and how they effect stormwater management. I wanted to 

know for myself if they work as well as what is written about them. If green roofs are 

so effective, then why there are not more of them? 

Before I began this project, I was like many architecture students who just 

labeled green roof on their projects to be environmentally responsive. Furthermore, I 

had no idea there were two types of green roofs; I assumed there was one type 

differentiated by plant types on the roof. I knew very little about the specific scientific 

research done to test the effects of green roofs. I knew that green roofs needed a 

deep structural system to support the extra weight, and I thought that was all I needed 

to know. I thought that was the most important part about installing a green roof on a 

project. Knowing about landscape architecture and how the plantings on the green 

roofs makes a difference in what type or category the green roof falls under (extensive 

or intensive) is an important aspect of this study that I had to learn about in order to 

understand how green roofs work. This project opened up my mind to the integration 

of landscape architecture with architecture. I now realize the importance to take the 

initiative to enroll in landscape architecture courses , even if they are not required for 

the architecture degree. There is a lot for architects to learn about landscape 

architecture. Little did I know that green roofs were more than just grass that offers 

aesthetic values to the occupants of buildings. Environmental design attempts to 

solve the many issues associated with buildings , such as the heat island effect or 



excessive stormwater runoff. Green roofs can be an effective solution to solve these 

problems. 

When I originally started brainstorming topics for this project, I was hoping to 

research water quality and stormwater management of green roofs. I was curious as 

to what the effects of storm water management were to a city the size of Muncie. I was 

interested to see if the runoff would be significantly less because of the green roof. In 

addition, would this have a small effect on the White River? Muncie, like many 

municipalities in the Midwest and Northeast United States, has a combined sewer 

system. As construction continues and as pervious surfaces decrease, the 

infrastructure in place in Muncie cannot possibly hold all the runoff coming off these 

impervious surfaces. The city needs to implement more pervious surface solutions in 

order to react, or even be proactive, to the increased area of impervious surfaces. 

Could green roofs lighten the high demand put on the infrastructure during a heavy 

rainstorm? In addition , would the green roof lessen the erosion on the bank during 

periods of heavy rain when combined sewer overages frequently occur? 

But as the case study evolved , I shifted my focus to surface and water 

temperatures of the two types of roofs. This was mainly because of the fact that I did 

not have access to proper equipment to conduct adequate research. It was also 

because I was learning more and more about green roofs through my initial research. 

I discovered more facts and statistics about the thermal properties of green roofs. As I 

researched more about green roofs I discovered that the surface temperatures of the 

roofs caused some issues related to stormwater management. If green roofs can 

lower surface temperatures, how does that playa role in stormwater management? 



The water coming off the roof is eventually entering our rivers and lakes. If that water 

is ten degrees warmer, what impact is that having on our environment? What if the 

water is ten degrees cooler? 

The methodology was one of the most difficult parts of the case study. It took 

many attempts to finally determine the most efficient way to measure the temperature 

of the two roofs. I realized that scientific methodology is a skill that you probably learn 

over time. The more research you conduct, the easier it is to figure out the proper 

methodology for what you are studying. It was the key to determining if my 

hypothesis, and thus the performance of the green roof, were possible. The 

methodology would determine if I would get the proper results to what I was ultimately 

trying to prove about the performance of green roofs. 

Once the day came to install the HOBO data loggers, I realized that there was 

no turning back and that the fun I had had researching would either be proven or 

disproven. Not having much scientific research background, I found preparing and 

installing all the equipment to be a learning experience as well. Making sure 

everything was in the right location and that the remote sensors were horizontal so I 

would get the most accurate results. I was worried that if I did not install everything 

correctly, that I would get skewed results in the end. It reminds me of working in an 

architectural office. I try so hard to make sure all of our architectural construction 

documents are accurate down to a half inch, but in reality when it is built, six inches is 

considered extremely accurate. There is an art to field verification and measuring that 

was further emphasized during the course of this study. 



Originally, I thought installing the HOBO data loggers would be the most nerve

racking part of this whole experience. However, it was waiting for the proper weather 

that would bring the results. Usually my idea of watching the weather is looking out 

my bedroom window before I go to class. But during this study, I started watching the 

Weather Channel and checking the forecast online hoping for rainy days. Ironically, 

the most interesting data I collected was during the warm, non-rainy days. I thought I 

was looking for rain, but it turns out that the warmer days were telling more of a story 

about what was going on with the green roof. The results from the summer months 

should prove to be more intriguing and they will further tell the story of the green roof. 

From this project, I realized that the process of conducting a case study and 

that process found in the architectural field to be surprisingly similar. One of my 

favorites parts about working in an architectural office is the job site visits. I like going 

out into the field and seeing how the building you design and detail in the computer 

comes to life. Seeing how the building is erected on site is similar to testing the two 

roofs for the case study. I was able to take a break from researching and reading 

scientific journal articles, and learn from the field. Many times I get consumed in the 

knowledge available from books, magazines, and the internet, and I forget to look 

around me. There is so much to be studied from the built environment that surrounds 

us. This case study gave me that hands-on approach to learning that I have learned 

to love from architecture and the Honors College. 
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ABSTRACT 

A 350 square foot prototype green roof was 
installed at Minnetrista in Muncie , Indiana in 
September 2008. It is the first green roof in 
Delaware County . To study the green roofs 
thermal properties compared to a gravel ballast 
roof, five HOBO data loggers were set up to 
record the surface temperatures of both roofs and 
a handheld infrared thermometer was used to 
measure ten locations on the underside of each 
roof. The data collected shows the surface 
temperature differences between April 13 and 25, 
2009. During the time frame that the study was 
conducted , there were two periods of consecutive 
rainy days and two periods of consecutive non
rainy days . The surface temperature differences 
seen between the two roofs were dependent on 
the cl imatic conditions that day. The green roof 
proved to respond to the sun 's movement in the 
sky throughout the day, therefore absorbing the 
solar radiation and keeping the roof cool. Thus , 
the green roofs surface temperatures were 
generally lower than those found on the gravel 
ballast roof. 

Figure 1: Photo of Minnetrista's green roof 
("Minnetrista Green Roof Installation") 

1. INTRODUCTION 

As urbanization increases, the need for new 
construction also grows. With new construction 
comes the destruction of pervious surfaces. The 
United States Environmental Protection Agency 
has indicated that a typical city block generates 
more than nine times as much runoff than a 
woodlot of the same size (US EPA, 1996). Green 
roofs are effective solutions in cities, but how 
effective is a green roof in Muncie, Indiana? Is 
there a reason that it is 2009 and there is the only 
green roof in Delaware County? 

The Minnetrista Cultural Center is located in 
Muncie, Indiana adjacent to the White River. 
Less than a year ago, they installed a 350 square 
foot green roof. The installation is part of 
Minnetrista's goal to educate the community 
about green roofs. 

Green roofs are given credit for reducing the heat 
island effect, lowering surface temperatures, 
reducing runoff during a rainstorm , delaying 
runoff during a rainstorm, and improving water 
quality. The real question is by how much. By 
field testing green roofs, we can verify the 
impacts they are having on environmental issues 
within cities, as well as begin to implement them 
more in the future. 



Figure 2: Map of Muncie, Indiana highlighting 
Minnetrista 

2. HYPOTHESIS 

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. 

3. TERMINOLOGY 

Green roofs have a complex infrastructure that 
includes the structural support, soil, and plant 
canopy. As a result, green roofs are classified 
into two categories: intensive and extensive . 

Intensive roofs have at least twelve inches of 
substrate, which allows plants with deeper root 
systems to develop. Vegetation may include, but 
is not limited to, large shrubs, perennial herbs, 
small trees, and a variety of grasses. The weight 
of the plants and soil causes the structural 

system for an intensive green roof to be deeper 
than in an extensive roof system. Because of the 
structural system requirements , these systems 
are specified in the original construction 
documents and are rarely retrofitted to existing 
buildings. 

Extensive roofs have three to five inches of 
substrate with low-growing ground cover, such as 
sedums. The ideal growing medium is 
engineered to be lightweight with minimal clay/ 
silt content, as well as have low organic content 
(Griswold 43). The plantings are what makes an 
extensive roof easier to maintain than an 
intensive roof (Yannas 58). The saturated weight 
would be between twenty and forty pounds per 
square foot (Wachtel). Extensive roof systems 
are primarily used for existing buildings and 
sloped surfaces up to 45°. 

Intensive and extensive green roofs provide 
similar environmental benefits . However, four 
categories make them different. Intensive and 
extensive roofs differ in the choice of plants, the 
thickness and composition of the substrate, the 
complexity, and the maintenance requirements 
(Yannas 60). 
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Figure 3: Typical composition of an intensive 
planted roof (Yannas 59) 
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Figure 4: Cross section of an extensive planted 
roof (Yannas 59) 

4. CONSTRUCTION OF A GREEN ROOF 

A green roof has many parts and layers that work 
to make it environmentally successful. As 
depicted in Figure 5, the major components of 
construction are a planting layer, the substrate, a 
waterproofing layer, an insulation layer, and the 
roof structure. Each of these components playa 
role in the environmental qualities associated with 
a green roof. 

The layered structure that makes up a green roof 
is complex and has multiple components. On top 
of the structural roof decking , there is a 
waterproofing membrane that prevents moisture 
from entering the building. Above the 
waterproofing membrane is a root barrier layer. 
This prevents roots from penetrating the 
waterproofing membrane and the structural roof 
decking. The next layer is the drainage mat, 
which carries excess runoff to the roof drains . 
The perforated egg crate design also stores water 
for the plants in dry periods. On top of the 
drainage mat is the filter fabric , which prevents 
soil from washing away and compromising the 
drainage layer as water drains from the roof. The 
last layers are those that are most visible to 
users: the soil substrate and the vegetation. 
Typically, the soil substrate is lightweight, porous, 
and has nutrients added (Bliss 407 -408). 

"Immediately after construction , green roofs need 
to be monitored regularly to ensure the vegetation 
thrives. During the first season, green roofs may 
need to be watered periodically if there is not 
sufficient precipitation. After the first season, 

extensive green roofs may only need to be 
inspected and lightly fertilized approximately once 
per year. Intensive green roofs , on the other 
hand, need to be maintained as any other 
landscaped area" (Wachtel 43) . 

5 

Figure 5: Planted roof components: 1. Planting, 2. 
Substrate, 3. Waterproofing layer, 4. Thermal 
insulation, 5. Roof structure (Yannas 58) 

5. LIVE ROOF SYSTEM 

When Minnetrista installed the green roof, they 
used a Live Roof system. Live Roof is a 
prevegetated invisible-modular green roof 
system. The system is ready to install on site and 
the installation steps are depicted in Figure 5. 
Live Roof systems are extensive green roofs and 
are a convenient way to modify an existing 
building roof. 

After the modules are set in place, the soil 
elevators are removed to allow the soil , and thus 
plants, to grow seamlessly. The original modules 
are not noticeable once the plants start to grow. 

Live Roof uses an engineered soil, which "weighs 
approximately 27 to 29 pounds per square foot 
fully saturated at 4" depth when fully vegetated 
with Live Roof plants" ("Live Roof Engineered 
Green Roof Soil"). The soil is 94% inorganic, 
conforms to German FLL granulometric 
standards, and filters rainwater and buffers acid 
rain ("Live Roof Engineered Green Roof Soil") . 

LiveRoof has multiple options for the planting mix 
based upon geographic region. The Evergreen 



Mix was used at Minnetrista . This mix has a 
variety of succulent plants, meaning they hold 
water. There are seven species of sedums and 
two Hen and Chick plant varieties . 

The seven types of sedums used are the 
following: 

Sedum acre 'Aureum' 
Sedum floriferum 'Weihenstephaner Gold' 
Sedum reflexum 'Green Spruce' 
Sedum sexangulare 
Sedum spurium 'Dragon's Blood' 
Sedum spurium 'Voo Doo' 
Sedum stefco 

The two types of Hen and Chick used are the 
following: 

Sempervivum 'Purple Beauty' 
Sempervivum 'Silverine' 
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Figure 6: LiveRoof installation steps ("LiveRoof 
Overview") 

Figure 7: At Minnetrista installing the green roof 
("Minnetrista Green Roof Installation") 

Figure 8: At Minnetrista installing the green roof 
modules ("Minnetrista Green Roof Installation") 
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Figure 9: At Minnetrista installing the green roof 
modules ("Minnetrista Green Roof Installation") 

Figure 10: At Minnetrista installing the green roof 
("Minnetrista Green Roof Installation") 

6. BENEFITS OF GREEN ROOFS 

"In developed countries, the level of urbanization 
is still rising and expected to reach 83% in 2030" 
(Mentens). Increased urbanization means more 
construction that increases the amount of 
impervious pavement, such as rooftops, asphalt 
roads , and parking lots. Green roofs offer a 
variety of solutions to these problems created by 
urbanization. The improved environmental 
qualities associated with green roofs include less 
runoff during a rainstorm, delayed runoff during a 
rainstorm, and improved water quality. Green 
roofs are more than just grass, they can help with 
stormwater management and reduce the heat 
island effect. 

6.1 Stormwater Management 

Cities have a variety of impervious pavements 
and surfaces that contribute to an increased 
amount of rainwater going into rivers , as opposed 
to being absorbed in the soil. "Runoff gathers 
speed once it enters the storm sewer system. 
When it leaves the system and empties into a 
stream, large volumes of quickly flowing runoff 
erode stream banks, damage streamside 
vegetation, and widen stream channels" (US 
EPA, 1996). The resulting increased speed and 
volume of the water increases turbidity and 
pollution (EPA, 1995). Green roofs can absorb 
rain water and release it slowly into the 
stormwater system. Green roofs can decrease 
environmental impact in our community. 

The area of impervious surfaces, such as asphalt 
and rooftops, is directly related to management of 
stormwater runoff. Green roofs mitigate the 
amount of water entering a stormwater system 
during a heavy rainstorm. Instead, the water is 
kept on site. "Urbanization also increases the 
variety and amount of pollutants transported to 
receiving waters. Sediment from development 
and new construction; oil, grease, and toxic 
chemicals from automobiles; nutrients and 
pesticides from turf management and gardening; 
viruses and bacteria from failing septic systems; 
road salts; and heavy metals are examples of 
pollutants generated in urban areas. Sediments 
and solids constitute the largest volume of 
pollutant loads to receiving waters in urban areas" 
(US EPA, 1996). The contaminants coming off a 
typical roof are eventually entering our rivers, 
streams and lakes. Green roofs can filter 
contaminants, thus increasing the quality of the 
water entering the system. 

"The general concept for green roofs is not to 
drain storm water as fast as possible, but rather 
the opposite. The capability of green roofs to 
store a certain amount of rain water and to delay 
the run off of severe storms is what makes them 
so valuable in urban agglomerations" 
(Werthmann 73). The rapid runoff from typical 
rooftops can put a high demand on the 
stormwater system. 



6.2 Sol-Air Temperature 

"Solar radiation absorbed by roof surfaces raises 
the surface temperatures, driving heat transfers 
towards the interior of the building, as well as 
towards the ambient air and sky. " (Yannas 3). 

"The peaks in surface temperature are affected 
by solar radiation which peaks at noon for 
horizontal surfaces, whereas the outdoor air 
temperature has its peaks in the early afternoon 
hours." (Yannas 3). 

Sol-Air temperature is an indication of the effect 
of solar radiation on the external surface of an 
opaque building element, such as a rooftop 
(Yannas 4) . The following equation is used to 
determined sol-air temperature: 

Te = To + alt / ho - E fj. R / ho 

where: To = outdoor dry bulb air temperature (OC) 
a = absorptance of surface solar radiation 
It = total solar radiation incident on surface 
(W/m2) 
ho = coefficient of heat transfer by long-wave 
radiation and convection at outer surface 
(W/m2 .K) 
E = hemispherical emittance of surface 
fj. R = difference between long-wave radiation 
incident on surface from sky and surroundings 
and radiation emitted by blackbody at outdoor air 
temperature (W/m2) (Yannas 4). 

6.3 Heat Island Effect 

The Environmental Protection Agency describes 
the heat island effect as the dense areas in cities 
that are hotter than nearby rural areas. Energy 
gains and losses cause cities to be warmer than 
rural areas ("Heat Island"). During the day, the 
buildings, streets, sidewalks, and rooftops absorb 
most of the solar energy input, while at the same 
time, waste heat from buildings and cars enters 
the atmosphere ("Heat Island"). This heating 
throughout the day is what causes the heat island 
effect. 

"Heat islands can occur year-round during the 
day or night. Urban-rural temperature differences 

are often largest during calm, clear evenings. 
This is because rural areas cool off faster at night 
than cities, which retain much of the heat stored 
in roads, buildings, and other structures. As a 
result, the largest urban-rural temperature 
difference, or maximum heat island effect, is often 
three to five hours after sunset" ("Heat Island"). 
Since imperious surfaces have replaced the once 
existing vegetation in cities, those heated 
surfaces transfer their excess heat during flash 
runoff periods (EPA). "Green roofs can be very 
effective measures for reducing the 'thermal 
shock' caused by flash runoff from hot roof 
surfaces" (Miller) . The increased surface 
temperatures on rooftops transfer their excess 
heat to the water coming off the roof, which then 
drains into the stormwater systems and raises 
water temperatures as it is released into rivers 
and lakes (EPA). Green roofs help to reduce 
thermal shock, which in turn lessens the 
likelihood for the heat island effect to occur. 

Figure 11 : Photo of Minnetrista's green roof 
("Minnetrista Green Roof Installation") 



Figure 12: Side view of Minnetrista's green roof 

7. METHODOLOGY 

Two roof types at Minnetrista will be tested : an 
extensive green roof and a gravel ballast roof. 
Figure 13 depicts the location of both roofs . The 
green roof is the experimental group and the 
gravel ballast roof is the control group . 

1 
Figure 13: Map depicting the location of the green 
roof and gravel ballast roof 

7.1 Surface/ Water Temperature 

1. Install the software for the Onset HOBO U12 
Temperature/RH/Lightl External Data Loggers on 
your computer. 

2. Connect the remote sensor cord to the HOBO 
data logger. 

3. Set up each of the five HOBO data loggers 
with corresponding remote sensors with the 
following parameters: 

Channel one: temperature 10k thermistor 
Channel two: wide range temperature 
Interval: every 15 minutes 
Delayed start to 4pm on April 13 

4. Click launch to finish the installation . 

5. Place each HOBO data logger in a separate 
plastic Ziploc bag , with the cord coming out. 
Number each HOBO from 1-5. 

6. Seal the plastic bag so the HOBO data logger 
is protected from the rain (the HOBO is not 
waterproof). The cord is exposed. 

7. Place one HOBO data logger (number 1) on 
the gravel ballast roof near the drain. The remote 
sensor end of the cord is placed so the end is 
where the water flowing towards the drain will 
pass over it. See Figure 15. 

8. Place one HOBO data logger (number 3) on 
the surface of the gravel ballast roof. Lay the 
cord horizontal on top of the gravel. See Figure 
15. 

9. Place one HOBO data logger (number 2) on 
the green roof near the drain . The end of the cord 
is placed so the end is where the water flowing 
towards the drain will pass over it. See Figure 17. 

10. Make a small trench 2-3" below the surface of 
the soil on the green roof. Place one HOBO data 
logger (number 4) with the remote sensor laying 
horizontal in the trench . See Figure 17. 

11 . Place one HOBO data logger (number 5) on 
the surface of the soil on the green roof. Locate 



the remote sensor horizontal with the soil. See 
Figure 17. 

12. After 10 days , remove all the equipment from 
both roofs . 

13. Using the software previously installed, 
readout all HOBO data loggers one at a time. 
Save and export all data into Excel. 

Figure 14: General locations of HOBO data 
loggers on gravel ballast roof 

Figure 15: acement of H 
gravel ballast roof 

Figure 16: General locations of HOBO data 
loggers on green roof 

Figure 17: Placement of 
green roof 

7.2 Temperature of Underside of Roof 

The intent is to see the difference in temperature 
from the interior edge of the roofs and the exterior 
edge closest to the front entrance turn-around . 

1. Using the Raytek Mini-Temp (handheld 
infrared thermometer), record the surface 
temperatures at the locations indicated in Figure 
x. Plan A is for the green roof and Plan B is for 
the gravel ballast roof. 
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Figure 18: Plan A- green roof (left) and Plan B -
gravel ballast roof (right) 

2. Aim the Raytek at the underside of the roof 
structure, not the beams. See Figure 19 for 
approximate location. 

Figure 19: Underside of roof depicting where to 
record temperature 

3. Record all temperature data in a table . 

4. Note the weather conditions and time during 
the data collection period . 

5. Repeat steps 1 - 4 for a total of three days, 
each with a different weather cond ition. 

8. DATA, RESULTS, AND ANALYSIS 

The hypotheses were tested over a ten day 
period in the Spring . Each of the ten days were 
categorized as either a rainy day or non-rainy 
day. Each day is classified as follows: 

Monday, April 13, 2009 : Rainy 
Tuesday, April 14, 2009: Rainy 
Wednesday, April 15, 2009: Non-Rainy 
Thursday, April 16, 2009: Non-Rainy 
Friday, April 17, 2009: Non-Rainy 
Saturday, April 18, 2009: Non-Rainy 
Sunday, April 19, 2009: Rainy 
Monday, April 20, 2009: Rainy 
Tuesday, April 21, 2009: Rainy 
Wednesday, April 22, 2009: Non-Rainy 
Thursday, Apri l 23 , 2009: Non-Rainy 

During the testing period , there were two periods 
of consecutive rainy days. As a result , there were 
also two periods of consecutive non-rainy days. 

Weather data was also obtained from the 
Weather Channel ("April Monthly Planner"). 

Date High (F) Low (F) Precip linl 
04/13/2009 45 36 1.16 
04/14/2009 46 41 0.06 
04/15/2009 46 38 0.00 
04/16/2009 62 37 0.00 
04/17/2009 69 34 0.00 
04/18/2009 74 40 0.01 
04/19/2009 59 53 0.56 
04/20/2009 57 42 0.19 
04/21/2009 47 37 0.12 
04/22/2009 58 37 0.00 
04/23/2009 64 30 0.00 

8.1 Surfacel Water Temperature 

A total offive Onset HOBO U12 
Temperature/RH/Lightl External Data Loggers 
were used to collect 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. 



As seen in Graph 1, the surface temperature 
peaks on the non-rainy days for the surface of the 
gravel ballast roof are delayed in relation to those 
peaks on the green roof. Surface temperature 
peaks on April 16 and 17 shows 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 surface of the soil. 

The temperatures of the soil surface of the green 
roof and a few inches below the soil surface were 
the lowest average temperatures for the day, as 
seen in Table 1 A. Since the temperature near 

the drain is similar to that found by the gravel 
ballast roof, this shows that the green roof is 
creating a tempered climate. 

GRAPH 1: SURFACE TEMPERATURE (OF) OF GREEN ROOF AND GRAVEL BALLAST ROOF 
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TABLE 1A: AVERAGE SURFACE TEMPERATURE (OF) PER DAY 

Gravel Ballast Gravel Ballast Green Roof 
Drain Surface Drain 

04/13/2009 50.0 49 .6 48 .3 
04/14/2009 49 .7 49.0 49.8 
04/15/2009 47.5 46.8 47.4 
04/16/2009 65.5 64.8 66.9 
04/17/2009 71 .9 71.1 71.9 
04/18/2009 70.5 69.4 71 .5 
04/19/2009 64.8 63 .6 62.9 
04/20/2009 54.3 53.7 54.0 
04/21/2009 45.7 44.8 47.4 
04/22/2009 51 .5 51 .0 54.1 
04/23/2009 49.7 44.4 46 .7 

GRAPH 2: SURFACE TEMPERATURE (OF) OF GREEN ROOF 
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GRAPH 3: SURFACE TEMPERATURE (OF) OF GRAVEL BALLAST ROOF 
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TABLE 4: TEMPERATURE (OF) DATA FOR 
GRAVEL BALLAST DRAIN 

Date Maximum Minimum Avera~e 

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 112.4 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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GRAPH 4: TEMPERATURE (OF) DATA FOR 
GRAVEL BALLAST DRAIN 
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The highest average temperature for the gravel 
ballast roof occurred on April 17 (Table 4). Also, 
that day showed the largest difference between 
the maximum and minimum temperature . There 
was no rain that day, which would contribute to 
the increased average temperature and largest 
temperature difference. 

The maximum surface temperature for the rainy 
days, April 13, 14, 19,20, and 21, was higher 
than the high temperature of each particular day. 
For example , on April 14, the high temperature 
was 46 of , while the maximum surface 
temperature was 54 .9 of. 

The gravel ballast had a maximum temperature of 
122.6 of, when the high ambient air temperature 
on that day was 69 of. This is a 175% 
temperature increase in relation to the outside air 
(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 maximum temperature and the high ambient 
air temperature . 

TABLE 5: TEMPERATURE (OF) DATA FOR 
GRAVEL BALLAST SURFACE 

Date Maximum Minimum Average 
04/13/2009 54.0 47.4 49.6 
04/14/2009 52 .8 41 .7 49.0 
04/15/2009 50.6 39.2 46 .8 
04/16/2009 114.7 39.5 64.8 
04/17/2009 124.8 42.4 71.1 
04/18/2009 106.8 49.8 69.4 
04/19/2009 70.6 56.4 63 .6 
04/20/2009 77.5 41.2 53 .7 
04/21/2009 58.4 35.0 44.8 
04/22/2009 82 .9 35.0 51 .0 
04/23/2009 48.1 40.1 44.4 

GRAPH 5: TEMPERATURE (OF) DATA FOR 
GRAVEL BALLAST SURFACE 
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The highest average temperature , 71.1 of, 
occurred on April 17. The average surface 
temperatures that day were similar to those 
temperatures recorded for the drain of the gravel 
ballast roof. The surface of the gravel ballast 
roof, however, did have the highest temperatures 
throughout the duration of the study. The surface 
of the gravel ballast roof reached a maximum 
temperature of 124.8 of. Compared to the high 
ambient air temperature for the day, 69 of , 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. 



TABLE 6: TEMPERATURE (OF) 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 47.4 
04/16/2009 104.6 40.7 66.9 
04/17/2009 115.2 42.1 71.9 
04/18/2009 104.1 50.0 71.5 
04/19/2009 70.2 56.6 62 .9 
04/20/2009 73.4 44.4 54.0 
04/21/2009 67.8 42.7 47.4 
04/22/2009 86.7 36.5 54.1 
04/23/2009 52.5 39.4 46 .7 

GRAPH 6: TEMPERATURE (OF) DATA FOR 
GREEN ROOF DRAIN 
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The highest temperature recorded for the drain 
on the green roof was 115.2 OF (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-

rainy days with highs ranging from 62 OF to 74 of. 
The surface temperatures on the green roof 
reached over 100 of 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 (OF) DATA FOR 
GREEN ROOF BELOW SURFACE 

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 (OF) DATA FOR 
GREEN ROOF BELOW SURFACE 
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The maximum temperatures below the soil's 
surface were 95.8 of and 93.8 of, 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 of, 
when the high temperature of that day, April 17, 
was only 69 OF. 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 of, and the high 
ambient air temperature of the day, 74 of (Graph 
7) . 

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

Date Maximum Minimum Average 
04/13/2009 49.2 45.4 46.5 
04/14/2009 51.1 45.1 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 41 .1 63.2 
04/18/2009 94.0 47.1 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 (OF) 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 of 
and 94 of, 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 I 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 I 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 (OF) 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 32.5 61.5 59.0 
Location H 32 .5 59.0 56.5 
Location I 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 I 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 (OF) UNDERSIDE 
OF GRAVEL BALLAST ROOF 

Day 1 Day 3 
(April 13 (April 23) 

Location A 40.0 52.0 
Location B 41 .0 52.5 
Location C 38 .5 54.0 
Location D 38.5 53.5 
Location E 37.5 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 

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

Gravel Green Temperature 
Ballast Roof Difference 

(C) (E) (C-E) 
Location A 41 .0 36 .5 3.5 
Location B 40.0 38.0 3.0 
Location C 38.5 33.5 5.0 
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 I - 31 .5 -
Location J - 30.0 -
*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 
location points A-D . 

GRAPH 12: TEMPERATURE DIFFERENCE (OF) 
FOR UNDERSIDE OF ROOFS FOR DAY 2 
(APRIL 16} 
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TABLE 12A: TEMPERATURE DIFFERENCE 
(OF} FOR UNDERSIDE OF ROOFS FOR DAY 2 
(APRIL 16}* 

Gravel Green Temperature 
Ballast Roof Difference 

(C) (E) (C-E) 
Location A 61.5 63.0 -4.0 
Location B 59 .0 60.5 1.0 
Location C 63.5 64 .0 -3.5 
Location D 60 .5 61 .0 2.5 
Location E 64 .5 64.5 -2.0 
Location F 62.5 61 .0 3.5 
Location G 64.0 61.5 3.5 
Location H 65 .0 59.0 5.0 
Location I - 66 .0 -
Location J - 64 .0 -
*The afternoon of April 16 weather was sunny. 

Generally, the gravel ballast locations closest to 
the front entrance turn around , locations A, C, E, 
and G, have a lower temperature than the green 
roof at those similar location points. 

GRAPH 13: TEMPERATURE DIFFERENCE (OF) 
FOR UNDERSIDE OF ROOFS FOR DAY 3 
(APRIL 23} 

,..... 70 ......... 
"'- 65 - f.. ..... '-' 60 -Q) 

'"' 55 ::s ... 50 -+- Gravel ~ 45 '"' Q) 40 Ballast Roof Q. e 35 
- Green Roof Q) 30 

E-
<l; co u Cl t.Ll "'- C-' :r:: -
\::: \::: \::: \::: \::: \::: \::: t:: C \::: 

0 0 0 0 0 0 0 0 0 0 -z:; 'r:; 'r:; 'n 'n 'n 'n 'r:; 'r:; 'n rn rn rn rn rn rn rn rn rn rn u u u u u u u u u u 0 0 0 0 0 0 0 0 0 0 ...J ...J ...J ...J ...J ...J ...J ...J ...J ...J 

TABLE 13A: TEMPERATURE DIFFERENCE 
(OF} FOR UNDERSIDE OF ROOFS FOR DAY 3 
(APRIL 23}* 

Gravel Green Temperature 
Ballast Roof Difference 

(C) (E) (C-E) 
Location A 52.0 58.0 -6.0 
Location B 52 .5 56.5 -4 .0 
Location C 54.0 60.0 -6.0 
Location D 53.5 57.5 -4.0 
Location E 58.5 61.5 -3 .0 
Location F 56.5 58.0 -1.5 
Location G 67 .5 59.0 8.5 
Location H 65 .5 56.5 9.0 
Location I - 62.0 -
Location J - 62 .0 -
"The afternoon of Apnl 23 weather was sunny 
with a slight breeze. 

The gravel ballast roof has lower temperatures 
closer to the bu ilding at locations A-F . At 
locations G and H, the gravel ballast roof has an 
increased temperature. The end of the roof is at 
locations G and H, which would explain the 
temperature change. 



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 
Ur--IDERSIDE 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 of . The highest temperature 
recorded for any location on the green roof was 
115.2 of . 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 of, to the maximum 
temperature of the gravel ballast roof, 124.8 of, 
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 roofs 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 roofs 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 of to 74 of. 
The surface temperatures on the green roof 
reached over 100 of 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 of . Compared to 
the high ambient air temperature for the day, 69 
of, 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 of . 
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