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Abstract
There are

a

number of problems associated with urban expansion and as cities continue

to grow the integration of green roofs can help to ease and offset many of them. This study
uses

a

combination of moss and Sedum as vegetation for experimental green roof sections in

orderto test its abilityto improve functional performance ofgreen roofs under weather
conditions similar to that of the Pacific Northwest. Varying degrees of differences in potential

functional performance were found between each of the treatments. The combination of moss
and Sedum showed the capacity to provide improved functional performance as green roof

vegetation in the Pacific Northwest.

1.

Introduction
According to the World Health Organization, in 2014 more than half (54%) of the world's

population lived in an urban area, and it

is

predicted that by 2030 six out of every ten people

will live in urban areas (2014). As cities continue to expand the diminishing ratio of permeable

to impermeable surfaces

is

becoming

a

growing concern. Increased amounts of impermeable

surfaces lead to problems including pollution and flooding of surface water, erosion of stream

banks, and diminished water table recharge (University of Delaware 2009). Another problem

caused by the replacement of permeable with impermeable surfaces is increased urban air

temperatures, known as the Urban Heat Island (UHI) effect (Environmental Protection Agency).
During the day buildings absorb short wave radiation as heat and release that heat at night

keeping cities significantly warmer than surrounding rural areas, thus forming UHI (Lee et al.
2014). As cities continue to expand and cover green space it decreases the amount of land

available for carbon sequestration and air filtration along with removing that space as potential

agricultural land. To offset all of these problems it

is

vital that we begin building green space

into the infrastructure of cities as they inevitably continue to expand.

Green roofs, also referred to as vegetated or living roofs, are

a

way to integrate

beneficial green space into urban areas. A green roof is defined as "a conventional roof on

building that

is

a

partially or completely covered with vegetation" (Garcia 2011). Both lab and

field studies have documented many benefits associated with green roofs and their ability to
enhance urban environments. Two of the primary benefits of green roofs are storm water

management and heat flux reduction and cooling of ambient air temperature. The ability of
green roofs to cool the ambient air temperature and building surfaces could help offsetting the
UHI

effect and reduce the heating and cooling costs of the building (Lee et al. 2014 and

Teemusk et al 2009). They can absorb and distribute storm water runoff over longer periods of

time reducing the impact of storm water on sewer and drainage systems (Teemusk et al. 2007;
2009). Green roofs also have the ability to improve runoff and air quality (Teemusk et al. 2009).
These two benefits provide both economic and ecologic assets and incentives. With roofs

constituting 20-25% of urban surface the integration of green roofs would help to ameliorate

the UHI effect (Susca, Gaffin, and Dell'Osso 2011). Green roofs improve biodiversity by
providing niches and habitat for birds and small animals (Lee et al. 2014). They also have
positive psychological benefits by decreasing noise pollution and aesthetic appeal. lt

is

for all of

these benefits that green roofs should be incorporated into the infrastructure of urban centers.

An ideal green roof requires very little, or no, upkeep and maintenance. Part of the

challenge of creating

suitable for

a

a

sustainable vegetated roof is finding

a

combination of vegetation that

is

specific environment. The climate in the Pacific Northwest presents an especially

challenging situation. Vegetation must be able to survive cool, wet winters with frequent rain

events as well as hot summer temperatures, with extended periods of drought. These climatic

conditions can also hamper the ability of green roofs to mitigate stormwater runoff. During the

wet winter, vascular plants have limited ability to recharge roof water holding capacity through
transpiration. As

a

consequence, roofs can quickly become saturated during prolonged rain

events. In the Pacific Northwest, roof planted primarily with Sedum

sp.

typically have

significantly reduced total rainfall retention during the winter compared to summer. One

monitored roof in Portland had only 12% retention during the winter compared with 42%
during the spring and summer (Spolek 2008). Similarly, test-bed scale roofs in Corvallis, OR
retained less than 28% of intercepted rainfall during the winter which

is less

than half their

retention capacity during the summer (Schroll et al. 2011). The composition of the vegetated
component of green roofs can have

a

strong influence on aspects of functional performance

such as stormwater attenuation and thermal characteristics (Lambrinos 2014).

Sedum

is

a

popular choice for green roof vegetation for several reasons. The genus

overall has minimal soil requirements, is drought resistant, and tolerant of high exposure to

wind and sun (Vallarreal and Bengtsson 2005). Studies in the United States have shown that
Sedum

sp.

9

maintained 100% coverage over a three year period without supplemental irrigation

(Getter and Rowe 2008). Simple Sedum green roofs provide supplementary thermal insulation
on well-insulated

rooftops and form

a

synergistic-dual thermal barrierto reduce daytime peak

thermal intrusion (Jim 2014). Combining Sedum with other vegetation may encourage produce
positive association between species and can lead to shading and cooler medium temperatures,
and increased water retention.

The addition of moss to

a

Sedum green roof may be

a

potentially viable option to

increase functional performance in the Pacific Northwest. Moss has

a

number offeatures that

could provide enhanced green roof benefits. Moss grows readily on rooftops in the Pacific

Northwest and their colonization of roofs

is so

prolific it

is

considered

a

nuisance by many

(Anderson et al. 2010). The physical water holding capacity of moss could help to increase the

amount of stormwater able to be absorbed and held by

a

green roof. Moss are capable of

absorbing large amounts of water using capillary actions (Anderson et al. 2010) The addition of
moss to green roof vegetation could also improve its ability to increase building insulation.

There has been little research into the use of moss as green roof vegetation.

The goal of this project was to determine the potential effectiveness of

a

moss and

Sedum combination as green roofvegetation in the Pacific Northwest. Experimental green roof

modules were constructed, consisting of well drained medium topped with one of four

treatments (including moss only, Sedum only, combination and an un-vegetated control), and
were subject to simulated summer and winter conditions to test their response differences in

potential benefits. This study tested water holding capacity, percent retention, water
dissipation and recharge, temperature flux reduction ability of each treatment. Results of this

study could be used to improve green roof design and effectiveness including but not limited to

application in the Pacific Northwest.

Methods

2.

2.1.

Experimental Setup

Experimental green roof sections were constructed for each of four treatments and

subject to simulated environments and weather events to test their potential effectiveness as
green roof vegetation in the Pacific Northwest. Each experimental green roof section consists of
a

17"x17"x4" plant tray filled with three inches of medium and topped with

medium used was

a

a

treatment. The

mixture of 50% soilless mix (containing peat moss, bark, pumice, and

limestone) and 50% perlite. The four treatments included moss only, Sedum only, moss and
Sedum, and an un-vegetated control. The moss used for this experiment was Racomitrium
canescenes and was harvested from Alsea, Oregon. The Sedums were excess of

a

mixture from

GreenFeathers that Oregon State University was using for another project and graciously

provided. That mixture included the following Sedums: Sedum oreganum, Sedum divergens.
Sedum spurium 'VooDoo', Sedum stefco, Sedum album 'Mural', and Sedum spat hulifolum 'Cape

Blanco'. For each treatment six trays were constructed for

a

total of 24 experimental green roof

sections. An additional Sedum only and moss only tray were constructed to be used for

destructive testing. After construction the trays were allowed an establishment period of
approximately four months to allow the Sedum to root and for the moss and to integrate.
During this period the trays were housed in

a

climate controlled greenhouse with daytime

temperatures around 70 degrees and nighttime temperatures around 65 degrees. The trays
were watered regularly on

a

weekly basis. Also during this period, preliminary data were

collected. Preliminary data included soil temperature, dry-down time, and water holding
ca pa city.

After the initial establishment period the trays were moved outside into slightly cooler
weather for a one week transition period before being subject to simulated winter conditions in
a

cold room. To simulate the cool temperature and very little light experienced during the

winter

in the Pacific Northwest, the cold room was kept at 40 degrees and trays received eight

hours of light per day. The frequency of simulated rain events was also increased to mimic the

greater frequency of rainfall during the winter. Once moved into the cold room the trays were
allowed to adjust for one week before any data were collected. The trays were then subject to

artificial rain events and the responses measured for their potential effectiveness as green roof
vegetation. Data collected included soil temperature, dry-down time, and water holding
capacity. After one month of data collection the trays were allowed another one week

transition period in the lab with

a

temperate environment. They were then moved back into the

climate controlled greenhouse to be subject to simulated summer conditions. Summer
conditions consisted of maximum midday temperatures with an average of 116.81 degrees
Fahrenheit and minimum nighttime temperatures with an average of 61.28 degrees Fahrenheit.
The summer portion also consisted of

a

four week dry period to simulate the hot, dry

conditions experienced by the Pacific Northwest during the summer. Collected data included
soil temperature, dry-down time, and water holding capacity.

2.2.

Data Collection & Analysis

Soil

temperature was measured both on the surface and from within the medium using

HOBOwear temperature probes (Onset Computer Corporation, Cape Cod, Massachusetts) and

the data was analyzed using the accompanying HOBOwear software in combination with

Microsoft Excel. There were

a

total of eight temperature probes available and two probes were

used per treatment. Surface probes were positioned horizontally on the top of trays. Probes

within the medium were inserted vertically and
bottom. Dry-down time

is

as

far in

as possible

without touching the

the measurement of the amount of time it takes for

a

specific

treatment to dissipate water after a simulated rain event. During both the summer and winter
simulations dry-down time was measured both gravimetrically and using

ECH2O soil

moisture

probes (Decagon Devices, Pullman, Washington). Four moisture probes were available, the

study was limited to one probe per treatment. Data was collected via ECH2O Utility software
and Microsoft Excel. Preliminary dry-down data was only collected gravimetrically, as the

moisture probes were not available during that portion ofthe experiment. Relative water
holding capacity was measured in two ways.

weighed before and after watering for

a

In

the first type of gravimetric analysis trays were

dry-down period and the differences in weight were

compared to estimate the amount of water absorbed. This measurement was taken during
establishment, winter simulation, and summer simulation portions of the experiment.

In

the

second gravimetric analysis, water holding capacity was measured by pouring 2000 mL of water

through

a

rain making device and calculating the amount of water that drained out of the

bottom of each tray after it was allowed to sit for a specific amount of time. The rain ma king
device was comprised of

a

tray with holes punched in the bottom in

a

uniform 2" by 2" grid

pattern. This was to ensure even distribution of water during simulated rain events for each of
the trays. Once all of the water had drained out the rain maker and onto the treatment, each

tray was allowed

3

minutes of drain time, and then the amount of water to drain from the

bottom was measured. This measurement was taken during both the establishment and the

winter period. Absolute water holding capacity was collected via destructing testing. Known
amounts of each treatment were saturated with

a

measured amount of water for

a

specified

amount oftime and weighed for absolute water holding capacity. Specific amounts of moss and
Sedum were weighed, between 2-10 grams, and were placed in separate weighing trays. Once

the initial weight of each was recorded, 200 mL of water was poured into each tray containing
moss or Sedum and allowed to sit for 1-5 minutes. After the allotted time the remaining water

was drained from each weighing tray and the final weight was recorded. To standardize this

measurement, initial weight was subtracted from the final weight, and then divided by the
initial weight to obtain the water holding capacity per weight. This was repeated ten times with
varying amounts of the treatments and the data was standardized and averaged. All data

collected was analyzed using HOBOwear and ECH2O software in combination with Microsoft
Excel and SYSTAT y. 8.0.

3.

Results

3.1 Absolute Water Holding Capacity

The final product of the destructive testing was

amount of water held by each treatment (referred to

a

as

standardized measurement of the

the absolute water holding capacity).

Moss was able to absorb and hold an average of 5.03 times its dry-weight in water (Fig. 1).

Sedum under the same conditions was able to absorb and hold 0.307 of its dry-weight in water
(Fig. 1). The difference between the means

significant when compared with

a

of water holding capacity of was found to be

two sample t-test (Fig. 1). Moss had the ability to absorb and

hold more than 16 times the amount of water than the same amount of Sedum.
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Fig. 1.

Mean water holding capacity of plants (no medium). Values are means (n=10) ±

S.E.

of

8 cm x 8

cm plugs of vegetation. Gravimetric water holding capacity was estimated as the difference

between the wet and dry of samples divided by dry weight. Means are significantly different
from each other using two samples t-test; t = 8.22, df = 9, p<O.0001

3.2 Water Storage Capacity

Water storage capacity measurements outside the lab are

a

bit more complex. To obtain

water storage capacity, after trays were allowed to dry under either summer or winter
conditions they were soaked to field capacity and initial and final weights were compared.
While under winter conditions the moss and Sedum combination and the moss alone absorbed
the most water (Fig. 2). Under summer conditions the outcome was different and the Sedum
only treatment was able to absorb and hold the most water (Fig. 2). However, differences in the
mean water storage capacity were not found to be significant when analyzed with

a

one-way
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Fig. 2.

Water storage capacity of green roof modules under summer and winter conditions. Values are
means ± S.E. (n=6). Water storage capacity was estimated the weight difference between
modules when saturated and after a 21 day dry period. Vegetation type had no significant
effect on storage capacity during either summer (one-way ANOVA, F320 = 0.78, P = 5.3) or
winter (one way ANOVA, F320 = 1.74, P = 0.19)

3.3 Percent Retention

Another similar measurement was taken represented

as

percent stormwater retention.

This test compares the percent retention of each treatment under summer and winter

conditions. After being subject to
subject to

a

a

21 day dry period under

winter conditions, the trays were

simulated rain event of 2000 mL of water and the amount of water absorbed and

held was calculated by measuring the amount of water drained though each tray. Averaged

data shows that the moss only treatment had

a

greater water holding capacity compared to

that of the Sedum only treatment under winter conditions (Fig. 3). This difference was found to
be significant by

a

one-way ANOVA test. The same measurement taken during the summer

simulation found the Sedum and combination treatment to have

a

higher percent retention

than the moss only treatment (Fig. 3). The difference between the treatment responses were

found to be significant when compared with

a

one-way ANOVA. Several other tests found the

percent water retention ability of all treatments to decrease with more frequent rain events.
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Percent retention of a simulated rain event for green roof test modules under summer and
winter conditions after 21 day dry period. Values are means ± S.E. (n=6). Rain event consisted
of 2000 mL of water uniformly applied to modules over approximately 30 seconds. Vegetation
type had a significant effect on retention in both summer (one-way ANOVA, F320 = 3.12, p =
0.05) and winter (one-way ANOVA, F320 = 4.00, p = 0.02). However, in the summer post-hoc
comparisons were not significant between any treatments. For winter moss modules retained
significantly more water than Sedum modules (P 0.05) using post-hoc Turkey pairwise

comparisons.

3.4 Water Dissipation and Recharge Ability

Dry-down data were collected for the summer and winter portion of the study both

gravimetrically and with

ECH2O soil

moisture probes. The data produced gravimetrically

is

represented in Figure 4; the upper graph was produced during the winter portion of the study
and the lower by the summer portion. The shape of the curve produced by the winter portion

of the experiment shows that the trays stayed wetter for longer and the moss treatment
dissipated water at

a

slightly faster rate than the other treatments (Fig. 4). Under summer

conditions the curve shows that the dissipation of water was faster in general (Fig. 4). lt also
shows that the Sedum only treatment dissipated water at the fastest rate, the moss only

treatment dissipated water at the slowest rate, and the moss and Sedum combination rate
water loss fell between that ofthe Sedum only and moss only (Fig. 4).

The data produced by the soil moisture probes is represented in Figure 5; again the

upper graph

is

that produced under winter conditions and the lower produced under summer

conditions. In support ofthe gravimetric data the soil moisture probe data showed that during

winter conditions the moss only treatment dissipates water at

a

rate faster than the other

treatments (Fig. 5). The shape of the curve under winter conditions was not similar to that of
the gravimetric data (Fig. 5). Soil moisture probe data collected under summer conditions
produced

a

curve similarly shaped to the curve produced gravimetrically under the same

conditions however the moisture probes have indicated that the moss and Sedum combination

treatment dissipated water at the fastest rate (Fig. 5).

days since watering event

i

o

4

2

14

8

17

32

o

500
1000

ï
w
.1-'

2000
2500

-Moss & Sedum -Sedum -Moss -Control
days since watering event
o

2

5

9

13

17

21

25

29

o

500
1000
1500
o

2000
2500
3000
3500
4000
4500

-Moss&Sedum -Sedum

-Moss -Control

Fig. 4.

Mean water loss (g) over time measured gravimetrically (n=24). The upper graph is during the
winter conditions and the lower is the during the summer conditions. Trays soaked then
weighed over a period of a month.
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Dry-down curves were produced using ECH2O soil moisture probes measured in Volumetric
Water Content (m3/m3 VWC). Each point is data collected every other day at 5:300M for about
a month.

3.5 Temperature Flux Reduction

Temperature data shows that the standard deviation of temperature was less within the
medium than on the surface for all treatments; this was consistent for the establishment,
summer and winter portion of the experiment. Winter temperature data had two sets of data
per treatment. Summer had one set of temperature data per treatment due to an unforeseen

equipment issue. The combination treatment showed

a

smaller standard deviation of

temperature within the medium than that of Sedum only treatment under both winter and
summer conditions of this experiment (Table

i and 2). All treatments under the winter

conditions showed higher minimum temperatures within the medium than on the surface
(Table 1). With the exception of the un-vegetated control group, treatments also showed

higher maximum and average temperatures within in the medium than on the surface (Table
1). The moss

treatment had the highest maximum temperature within the medium, followed by

the moss and Sedum combination, and the Sedum treatment had the lowest maximum

temperature (Table 1). Also under winter conditions the moss and Sedum and the moss only
treatments both had higher minimum temperatures within the medium than the Sedum only

treatment (Table 1). Finally under winter conditions the moss and Sedum combination
treatment had

a

smaller standard deviation of temperature within the medium than the Sedum

only and moss only treatment (Table 1). All treatments under summer conditions showed lower
maximum and higher minimum and average temperatures within the medium than on top
(Table 2). All treatments also showed

a

deceased standard deviation oftemperature within the

medium of about half that of the top standard deviation of temperature (Table 2). The moss
and Sedum combination and moss only treatment had lower maximum and standard deviation

of temperature within the medium than that of the Sedum treatment (Table 2). Statistical
analyses were not able to be used as there was only one replicate (n = 1) under each simulated

condition, however trends are still able to be addressed.

Table

1.

Temperature data collected by HOBOwear probes from top of medium and from within the
medium of experimental green roof modules. Means of maximum, minimum, average, and
standard deviation of temperature are averaged over a month under winter conditions.

Winter Conditions
Max temp
Moss & Sedum

Moss

Sedum

Control

Ave temp

St. dey.

of temp

Top: 37.846

Top: 40.599

Top: 1.140

Bottom: 57.333

Bottom: 43.671

Bottom: 51.312

Bottom: 0.969

Top: 58.669

Top: 35.055

Top: 39.839

Top: 1.499

Bottom: 60.260

Bottom: 43.167

Bottom: 51.557

Bottom: 1.27

Top: 38.226

Top: 40.722

Top: 1.049

Bottom: 55.168

Bottom: 38.084

Bottom: 44.686

Bottom: 1.112

Top: 59.315

Top: 37.513

Top: 40.365

Top: 1.248

Bottom: 54.777

Bottom: 46.796

Bottom: 50.071

Bottom: 1.118

Top:

Top:

50.709

Min temp

54.561

Table 2.

Temperature data collected by HOBOwear probes from top of medium and from within the
medium of experimental green roof modules. Means of maximum, minimum, average, and
standard deviation of temperature are averaged over a month under summer conditions.

Summer Conditions
Max temp.
Moss & Sedum

Moss

Sedum

Control

4.

Ave temp.

St. dey.

of temp

Top: 61.462

Top: 80.398

Top: 12.411

Bottom: 94.944

Bottom: 63.090

Bottom: 77.069

Bottom: 7.709

Top: 118.353

Top: 61.506

Top: 82.528

Top: 14.384

Bottom: 93.092

Bottom: 64.117

Bottom: 77.543

Bottom: 6.901

Top: 61.119

Top: 82.119

Top: 14.316

Bottom: 97.111

Bottom: 63.133

Bottom: 77.711

Bottom: 8.283

Top: 114.978

Top: 60.991

Top: 81.722

Top: 14.115

Bottom: 93.801

Bottom: 63.133

Bottom: 77.757

Bottom: 8.314

Top:

Top:

113.954

Min temp.

113.221

Discussion

4.1 Absolute Water Holding Capacity

The destructive testing yielded results that show moss has 16 times the absolute water

holding capacity by weight than Sedum does (Fig. 1). This
holding ability of moss as

a

is

likely due to the physical water

nonvascular plant and shows that the addition of moss to green roof

vegetation could significantly improve the stormwater management and retention abilities.

4.2 Water Storage Capacity

Results produced from testing outside the lab under winter conditions found that the
moss and Sedum combination treatment and the moss only treatment absorbed and held the

most water during simulated rain events supporting the hypothesis that adding moss would
increase the water holding capacity of the green roof (Fig. 2). The same experiment under

summer conditions found that the Sedum was able to absorb more water than the moss only
and combination treatments, again suggesting that the combination may have improved

abilities year round than either individual treatment. This may be more prominent on

a

larger

scale and when plants are able to integrate further (Fig. 2). Increasing the ability of green roofs

to absorb storm water could reduce the stormwater runoff impact on sewer systems (Morgan,
Celik, and Retzlaff 2013).

4.3 Percent Retention

The next tests were to assess the recharge abilities of each treatment with regard to

water holding capacity during varying frequency of rain events. Under winter conditions after
longer periods (21 days) without having been watered the treatments showed that moss only

treatment performed better by holding more water (Fig. 3). However, this ability was reduced
after shorter periods of dry time (4-9 days). Under summer conditions the Sedum only

treatment had the greatest percent retention of storm water. However, according to an ANOVA
analysis differences between treatments were not significant. This finding is supported by other

studies that have found substrate to be the component that that is able to store the largest

amount of water within

a

green roof system (Lambrinos 2014)

4.4 Water Dissipation and Recharge

The next sets

oftests producing dry-down curves were performed under both winter

and summer conditions and data was collected both gravimetrically and using soil moisture

probes for comparison. These also demonstrate differences in the water dissipation/recharge

ability of each of the treatments. The soil moisture probes used for this experiment were not

ideal for the soil and vegetation used and some data is not as easily deciphered. However some

general trends are still apparent. Under winter conditions both the gravimetric and soil

moisture probe data showed that the moss only treatment had

water was dissipated (Fig. 4 and Table

1). This suggests

a

slightly faster rate at which

that the addition of moss to green roof

vegetation could improve the recharge ability between rain events. Under summer conditions it
is

not clear which treatment had the fastest rate of water dissipation however both Figure

8

and 10 shows that the moss only treatment dissipated water at the slowest rate. This means

that the moss only treatment held more water for a longer period of time under summer
conditions which could be advantageous for the health and survival of plants when going into
extended dry periods. More water for longer could also provide potential for significantly
increased evaporative cooling of the ambient air and of the building helping to both offset the

effects of UHI and reducing of the cooling load of the building (Barrio 1998 and Garcia 2011).

4.5 Temperature Flux Reduction

Temperature mediation

is

the final aspect of green roof effectiveness tested as

a

part of

this study. The results of the winter portion of this study found all of treatments to have higher
maximum and minimum temperature within the soil than on top of it (Table 1). During the

summer portion all ofthe treatments had maximum temperatures within the medium 5-10
degrees Fahrenheit lower than on the top of the medium (Table 2). Also under summer

conditions it was found that for all treatments the standard deviation of temperature within

the medium was roughly half that of the top of the medium (Table 2). All of this shows that the
experimental green roof sections are to some extent acting as

a

functional green roof by

mediating heat flux. Though all boxes showed similar trends, there were some differences in
the extent to which each treatment was able to mediate heat flux and potentially their ability
the decrease heating and cooling loads of buildings.

In

general, during the winter conditions,

the moss and Sedum combination treatment stayed slightly warmer within the medium than

within the medium of the Sedum treatment (Table
reduction during the winter, however

a

1). This may suggest

full scale study

is

improved heat load

needed for conclusive evidence.

Under summer condition, the moss and Sedum combination treatment had slightly lower

maximum and standard deviation of temperatures within the medium than that within the
Sedum only treatment (Table 2). The decreased standard deviation demonstrates that the

combination may have an increased ability to maintain lower temperatures during the summer
and potentially increased ability to decrease cooling costs.

5. Conclusions

This study found that moss has the ability to absorb 16 times more water than Sedum

and would provide increased storm water retention if added to green roof vegetation. Moss

could also prolong storm water retention under warm conditions and accelerate water

dissipation under cool conditions. Temperature flux reduction could be improved with the

addition of moss. Sedum has

a

greater ability to absorb and hold water under summer

conditions and would provide greater water holding capacity than Sedum alone. The addition of
Sedum also improves storm water dissipation after short dry periods under winter conditions.

Overall, the results suggests the potential for

effective green roof than

a

a

Sedum and moss combination as

a

more

Sedum or moss only green roof in conditions similar to that of the

Pacific Northwest. A full scale study is needed in order to find definitive evidence to support

this. This study has provided results that should be used to guide further research into suitable
and effective green roof vegetation and vegetation combinations for specific environments.
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