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Abstract 

Greenroofs are new technology that can be applied in areas such as present-day 
cities, where less and less green space is available. Greenroofs have many 
benefits: they make buildings more thermally efficient, prolong the life of a roof, 
ameliorate extremes of temperature and humidity, reduce surface water runoff, 
help to reduce the urban heat island effect, air pollution and noise, and provide 
green space for people and wildlife. Greenroofs have been studied in many 
countries, from the point of view of thermal performance, protection of the roof 
membrane, stormwater retention and runoff quality. Although the results are site-
specific, it is necessary to review these studies. Greenroofs were found to be 
effective in helping to keep buildings cool in summer and also to reduce building 
energy consumption. Research showed that planted roofs reduce the temperature 
fluctuation in the roof membrane. Greenroofs delay rainfall runoff and reduce 
runoff rate and volume. The results of greenroof runoff water quality showed 
that they behave as a sink or as source of contaminants in runoff water. The 
results of the investigation of Light Weight Aggregates (LWA)-based greenroofs 
in Estonia showed that an extensive greenroof is sufficiently capable of 
protecting the layers of the base roof from extreme temperatures. Typically, light 
rain is retained, whereas heavy rain penetrates the greenroof media. The quality 
of the runoff water varies depending on runoff character and the pollutants 
accumulated on the roof. 
Keywords: energy saving, evapotranspiration, greenroof, rooftop garden, runoff 
quality, thermal performance, water retention. 

1 Introduction 

The main objective of this study is to give a sufficient review of the results of 
research that has been performed to find out how greenroofs work in reality. We 
also present the results of the first research into greenroofs in Estonia.  
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1.1 Greenroof term and types 

Greenroofs or rooftop gardens are a specialized roofing system that supports 
vegetation growth on rooftops. ‘Greenroof’ is the most common term, but other 
terms such as ‘planted roof’, ‘vegetated roof’, ‘grassed roof’ or ‘eco-roof’ are 
also used. Greenroofs are not a new concept. They have a long history, but today 
it is rapidly advancing technology that has the potential to improve the quality of 
urban life. Greenroofs are usually divided into two general categories: extensive 
and intensive, although mixed types and natural sod roofs [1] are also possible. 

‘Extensive greenroofs’ have a thin substrate layer, low weight, low capital 
cost and can be installed over the flat roofs of existing buildings. This roof type 
is not usually designed to be accessible, except for maintenance. Vegetation 
normally consists of sedums, mosses, succulents, herbs or grasses and is self-
sustaining. The thickness of an extensive greenroof’s substrate is <50–200 mm, 
and its weight can be <50–220 kg/m2.  

‘Intensive roof gardens’ have a deep soil layer and because of their great 
weight, need a stronger building structure. They are usually accessible, and may 
include lawns, shrubs and tree plantings. The roof garden needs regular 
maintenance including irrigation, fertilizing and weeding, and is very expensive 
to build and maintain. The thickness of an intensive roof garden’s soil layer is 
>200 mm, and its weight can be 200–1000 kg/m2.  

1.2 Greenroof construction 

Greenroof systems are established mainly on top of an existing roof structure, 
and consist of certain specific layers [1, 2]: 

– waterproofing membrane, typically made of polyvinyl chloride (PVC), 
high-density polypropylene or bituminous fabrics. If waterproof materials are not 
root resistant, they must be protected from root penetration;  

– a drainage layer is needed to remove excess water from the growing 
medium and also to retain some water for irrigating the plants; a purpose-made 
fibrous plastic mat or a layer of gravel is often used for this;  

– a filter membrane prevents fine particles in the substrate layer from 
clogging the drainage layer, which is usually a geo-textile filter fabric; 

– a substrate layer (growing medium) is selected on the basis of water 
retention, water permeability, suitability for root growth and plant anchoring 
properties; the substrate layer usually consists of a mixture of soil, sand, gravel, 
organic matter and crushed brick; in Estonia a Light Weight Aggregate (LWA), 
which is lightweight, well-drained and silt-free, is mostly used in the substrate 
layer; if the roof’s slope is more than 20 degrees, supporting baffles are needed;  

– plants must be resistant to extreme temperatures, solar exposure, scarce 
water, as well as an excess of water and stronger winds; plants for extensive 
greenroofs must be low-growing and shallow-rooted.  

2 Materials and methods 

In addition to a review of studies that have been performed throughout the world, 
this paper also briefly describes how an LWA-based greenroof works in the 
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Estonian climate, as the result of observing an existing greenroof in Tartu. The 
task was to assess the thermal performance, stormwater retention potential and 
runoff water quality of a greenroof, and to compare those with modified 
bituminous membrane roofs (roofs had the same area – 120 m2). The studied 
greenroof consists of the following layers: modified bituminous base roof, plastic 
wave drainage layer (8 mm), rock wool for rainwater retention (80 mm) and 
substrate layer (100 mm) with LWA (66%), humus (30%) and clay (4%). The 
most common plant species are Sedum acre, Thymus serpyllum, Dianthus 
carthusianorum and Cerastium tomentosium.  

The temperature was measured using sensors (Pt1000TG8/E) after every 15 
minutes, and recorded with a data logger produced by Comet System. The 
measuring time was June 2004 to April 2005. As the bituminous membrane of 
the base roof was inaccessible, the temperature was measured on the surface of 
both the roof and above the roof at 1 m, and also at the depth of 50 and 100 mm 
in the substrate layer. Because the surface of the greenroof was mainly covered 
by LWA (plant cover was 45%), the surface temperature expresses the 
temperature of the LWA. It must also be noted that plant cover was thicker on 
one side of the roof than the other side, which influenced rainwater runoff 
results. Stormwater runoff was manually measured on an hourly basis with 20-
litres canisters, or more frequently when necessary. The greenroof had two 
outflows, and there was one outflow for the reference roof. Runoff water samples 
were analyzed for pH, BOD7, COD, totalN, NO3

-, NH4
+, totalP, PO4

3-, SO4
2-, 

Ca2+ and Mg2+ by AS Tartu Veevärk (Water Works of Tartu). 

3 Mitigation of environmental problems in urban areas  

3.1 Protection of roof membrane 

An exposed roof membrane absorbs solar radiation during the day and its 
temperature rises, while in the evening its surface temperature drops. Daily 
temperature fluctuations create thermal stresses in the membrane and reduce its 
durability. The greenroof blocks the solar radiation from reaching the membrane, 
thus lowering its temperature and also minimizing temperature fluctuations. The 
life span of the membrane of a conventional roof is usually 20–25 years, but it is 
believed that a greenroof membrane may last twice as long. 

During the 22-month observation period (660 days) in Ottawa, Canada, Liu 
[3] found that the membrane temperature of the reference bituminous roof 
exceeded 30°C for 342 days, was above 50°C for 219 days and above 60°C 
for89 days. In comparison, the membrane under the greenroof only exceeded 
30°C for 18 days, and never reached 40°C. The temperature fluctuation in the 
exposed membrane of the reference roof had a median of 42–47°C. The 
greenroof reduced the temperature fluctuation in the roof membrane to a median 
fluctuation of 5–7°C throughout the year. Wong et al [4] found that surface 
temperatures measured under different kinds of vegetation were much lower than 
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those measured on hard surfaces. The maximum temperature of the hard surface 
and under all kinds of plants was 57°C and 36°C respectively. 

The Estonian study produced the following main results. In the summer 
months, from June to August, the LWA’s surface heats and cools faster 
(amplitude 4.7°C to 54.8°C) on the sunny days than the surface of the 
bituminous roof (6.1°C to 52.7°C), remaining coolest at night. The temperature 
fluctuation at a depth of 100 mm was only 23.9°C (10.3°C to 34.2°C), and soil 
temperature was also more stable. Therefore the greenroof’s substrate layer 
reduced summer temperature fluctuations by 22.7°C. The number of days on 
which the temperature exceeded 30°C was 63 for the bituminous roof, but only 9 
at a depth of 100 mm of the greenroof’s soil. Although LWA surface heating in 
the daytime and cooling in the evening involves corresponding changes in soil 
temperature, the latter fluctuates notably less, and thus the base roof is protected 
from large temperature fluctuations. The temperature at a depth of 100 mm rises 
slowly until afternoon, and then begins to fall just as slowly. At a depth of 50 
mm the temperature runs in the same way, but is higher before noon and lower 
after noon. Since in summer the LWA’s temperature fluctuates even a little more 
than the temperature of the bituminous membrane, the immediate establishment 
of vegetation is recommended. In the autumn months (September–November), 
temperatures did not change much, due to cool and cloudy weather.  

In winter (December–March) temperatures were low both on the surface of 
the greenroof (min –13.6°C) and in the soil (min –9.8°C), because the snow 
cover was thin due to ablation by snowstorms. The reference roof was covered 
by a 200 mm thick snow layer, which kept the surface temperature relatively 
stable (min –8°C). In the winter days, the insulating effect of the snow cover is 
apparent. In spite of the equal thickness of the snow cover, the greenroof’s soil 
temperature is several degrees higher than the temperature of the surface of the 
reference roof. In spring the temperatures of roof surfaces fluctuated 
considerably due to daily sunshine and night frosts, whereas soil temperature 
was more stable. When the daytime sun heats and the night freezes it, the 
amplitude of the soil temperature (1.3°C) is remarkably less than that of the 
surface (20.1°C). 

3.2 Reducing heat flow and energy cost 

Greenroofs are recognized as providing thermal performance and roof insulation 
for buildings. Of the total solar radiation absorbed by the planted roof, 27% is 
reflected by the plants, 60% is absorbed by the plants and the soil, and 13% is 
transmitted into the soil [5]. Many researches [5–9] have demonstrated that 
greenroofs reduce diurnal temperature variations in buildings by blocking solar 
radiation, which contributes to energy conservation. The greenroof acted as a 
thermal mass that effectively dampened the thermal fluctuations going through 
the roofing system. In the summer period a greenroof’s cooling effect is higher 
due to the evapotranspiration from plants and the evaporation of retained 
moisture from the soil. In the winter period a greenroof can help to reduce heat 
loss from buildings that act as an insulation membrane (Table 1).  

 © 2006 WIT PressWIT Transactions on Ecology and the Environment, Vol 93,
 www.witpress.com, ISSN 1743-3541 (on-line) 

6  The Sustainable City IV: Urban Regeneration and Sustainability



  

Ta
bl

e 
1:

  
Th

e 
ke

y 
re

su
lts

 a
nd

 c
on

cl
us

io
ns

 o
f t

he
 st

ud
ie

s o
f t

he
rm

al
 p

er
fo

rm
an

ce
 o

f g
re

en
ro

of
s. 

St
ud

y 
an

d 
lo

ca
tio

n 
M

on
ito

rin
g 

m
et

ho
d 

R
es

ul
ts

 a
nd

 c
on

cl
us

io
ns

 

Pa
lo

m
o 

D
el

 B
ar

rio
 

[6
] 

an
d 

Th
eo

do
si

ou
 

[7
]; 

M
ed

ite
rr

an
ea

n 
re

gi
on

 

M
at

he
m

at
ic

al
 

m
od

el
 /

 c
om

bi
ne

d 
co

m
pu

te
r m

od
el

 

G
re

en
ro

of
s a

ct
 a

s i
ns

ul
at

io
n,

 re
du

ci
ng

 th
e 

he
at

 fl
ux

 th
ro

ug
h 

th
e 

ro
of

. T
he

 m
ai

n 
ch

ar
ac

te
ris

tic
s 

ar
e:

 fo
lia

ge
 d

en
si

ty
 (t

he
 le

af
 a

re
a 

in
de

x)
, f

ol
ia

ge
 h

ei
gh

t, 
so

il 
la

ye
r t

hi
ck

ne
ss

 (a
pp

ar
en

t d
en

si
ty

 
an

d 
m

oi
st

ur
e 

co
nt

en
t),

 c
an

op
y 

ev
ap

ot
ra

ns
pi

ra
tio

n,
 g

re
en

 ro
of

 ty
pe

, i
ns

ul
at

io
n 

la
ye

r t
hi

ck
ne

ss
, 

re
la

tiv
e 

hu
m

id
ity

 a
nd

 w
in

d 
sp

ee
d.

 G
re

en
ro

of
 p

la
nt

s 
m

us
t h

av
e 

a 
la

rg
e 

fo
lia

ge
 d

ev
el

op
m

en
t 

an
d/

or
 m

ai
nl

y 
ho

riz
on

ta
l l

ea
f d

is
tri

bu
tio

n.
 

Ta
ka

ku
ra

 e
t a

l [
10

]; 
To

ky
o,

 Ja
pa

n 
Fi

el
d 

m
ea

su
re

m
en

ts
 

an
d 

co
m

pu
te

r 
si

m
ul

at
io

n 

M
ea

su
re

d 
re

su
lts

 s
ho

w
ed

 t
ha

t 
th

e 
m

ax
im

um
 d

iff
er

en
ce

 b
et

w
ee

n 
ro

om
 a

ir 
te

m
pe

ra
tu

re
s 

be
ne

at
h 

th
e 

ba
re

 c
on

cr
et

e 
ro

of
 a

nd
 th

e 
iv

y-
co

ve
re

d 
ro

of
 w

as
 a

ro
un

d 
15

°C
. T

he
 s

im
ul

at
io

n 
sh

ow
ed

 t
ha

t 
fo

r 
th

e 
so

il 
co

ve
re

d,
 t

ur
f-

co
ve

re
d 

an
d 

iv
y-

co
ve

re
d 

ro
of

s, 
th

e 
he

at
 f

lo
w

 w
as

 
m

os
tly

 fr
om

 in
si

de
 to

 o
ut

si
de

, w
hi

le
 fo

r t
he

 b
ar

e 
co

nc
re

te
 ro

of
 th

e 
he

at
 fl

ow
 w

as
 m

os
tly

 fr
om

 
ou

ts
id

e 
to

 in
si

de
. 

N
ia

ch
ou

 e
t 

al
 [

8]
; 

A
th

en
s, 

G
re

ec
e 

Fi
el

d 
m

ea
su

re
m

en
ts

 
an

d 
m

at
he

m
at

ic
al

 
ap

pr
oa

ch
 

Th
e 

su
rf

ac
e 

te
m

pe
ra

tu
re

s 
of

 t
he

 o
ut

do
or

 s
pa

ce
s 

on
 t

he
 i

ns
ul

at
ed

 b
ui

ld
in

gs
, 

bo
th

 w
ith

 a
nd

 
w

ith
ou

t t
he

 g
re

en
ro

of
, w

as
 2

6–
40

°C
. F

or
 n

on
-in

su
la

te
d 

bu
ild

in
gs

, t
em

pe
ra

tu
re

s v
ar

y 
be

tw
ee

n 
28

–4
0°

C
 a

nd
 4

2–
48

°C
 r

es
pe

ct
iv

el
y.

 G
re

en
ro

of
s 

ha
ve

 a
 s

ig
ni

fic
an

t 
th

er
m

al
 p

er
fo

rm
an

ce
 

ab
ov

e 
no

n-
in

su
la

te
d 

ro
of

s, 
bu

t f
or

 th
e 

w
el

l-i
ns

ul
at

ed
 ro

of
s, 

th
e 

ro
le

 o
f t

he
 g

re
en

ro
of

 is
 a

lm
os

t 
in

co
ns

id
er

ab
le

. 
O

nm
ur

a 
et

 a
l 

[1
1]

; 
Ja

pa
n 

Fi
el

d 
m

ea
su

re
m

en
ts

 
an

d 
w

in
d 

tu
nn

el
 

ex
pe

rim
en

t 

Th
e 

ev
ap

or
at

iv
e 

co
ol

in
g 

ef
fe

ct
 o

f a
 ro

of
to

p 
la

w
n 

ga
rd

en
 y

ie
ld

ed
 a

 5
0%

 re
du

ct
io

n 
in

 h
ea

t f
lu

x 
in

 th
e 

ro
om

s 
be

lo
w

 th
e 

ga
rd

en
. T

he
 e

va
po

ra
tiv

e 
co

m
po

ne
nt

 is
 a

n 
im

po
rta

nt
 ro

le
 in

 re
du

ci
ng

 
he

at
 f

lu
x.

 E
va

po
ra

tio
n 

de
pe

nd
ed

 o
n 

th
e 

m
oi

st
ur

e 
co

nt
en

t i
n 

th
e 

la
w

n.
 I

n 
cl

os
ed

 s
pa

ce
s 

w
ith

 
pl

an
te

d 
ro

of
s, 

th
e 

ai
r t

em
pe

ra
tu

re
 b

en
ea

th
 th

e 
pl

an
ts

 is
 n

ea
rly

 4
–5

°C
 lo

w
er

 th
an

 th
at

 o
f t

he
 a

ir 
ab

ov
e.

  
   

 © 2006 WIT PressWIT Transactions on Ecology and the Environment, Vol 93,
 www.witpress.com, ISSN 1743-3541 (on-line) 

The Sustainable City IV: Urban Regeneration and Sustainability  7



  

Ta
bl

e 
1:

 
C

on
tin

ue
d.

 
  

Li
u 

[3
]; 

O
tta

w
a,

 
C

an
ad

a 
Fi

el
d 

m
ea

su
re

m
en

ts
 

Th
e 

gr
ee

nr
oo

f r
ed

uc
ed

 th
e 

he
at

 fl
ow

 th
ro

ug
h 

th
e 

ro
of

in
g 

sy
st

em
 b

y 
ov

er
 7

5%
 in

 s
pr

in
g 

an
d 

su
m

m
er

. D
ur

in
g 

th
e 

ob
se

rv
at

io
n 

pe
rio

d 
(2

2 
m

on
th

s)
, t

he
 g

re
en

ro
of

 re
du

ce
d 

95
%

 o
f t

he
 h

ea
t 

ga
in

 a
nd

 2
6%

 o
f 

th
e 

he
at

 lo
ss

 a
s 

co
m

pa
re

d 
to

 th
e 

re
fe

re
nc

e 
ro

of
. I

n 
th

e 
au

tu
m

n 
an

d 
ea

rly
 

w
in

te
r 

th
e 

gr
ow

in
g 

m
ed

iu
m

 a
ct

ed
 a

s 
an

 in
su

la
tio

n 
la

ye
r. 

O
n 

th
e 

ot
he

r 
ha

nd
, a

s 
th

e 
gr

ow
in

g 
m

ed
iu

m
 fr

oz
e,

 it
s 

in
su

la
tio

n 
va

lu
e 

w
as

 g
re

at
ly

 d
im

in
is

he
d,

 b
ut

 th
en

 s
no

w
 c

ov
er

ag
e 

pr
ov

id
ed

 
in

su
la

tio
n 

to
 th

e 
ro

of
in

g 
sy

st
em

. T
he

 g
re

en
ro

of
 e

ffe
ct

iv
el

y 
im

pr
ov

ed
 th

e 
en

er
gy

 e
ff

ic
ie

nc
y 

of
 

th
e 

ro
of

in
g 

sy
st

em
 i

n 
sp

rin
g 

an
d 

su
m

m
er

. 
Th

e 
av

er
ag

e 
da

ily
 e

ne
rg

y 
de

m
an

d 
fo

r 
sp

ac
e 

co
nd

iti
on

in
g 

du
e 

to
 t

he
 h

ea
t 

flo
w

 t
hr

ou
gh

 t
he

 r
ef

er
en

ce
 b

itu
m

in
ou

s 
ro

of
 w

as
 6

.0
−7

.5
 

kW
h/

da
y,

 a
nd

 th
e 

gr
ee

nr
oo

f r
ed

uc
ed

 it
 to

 le
ss

 th
an

 1
.5

 k
W

h/
da

y.
 

W
on

g 
et

 
al

 
[9

]; 
Si

ng
ap

or
e 

En
er

gy
 

si
m

ul
at

io
n 

pr
og

ra
m

 
Th

e 
in

st
al

la
tio

n 
of

 a
 ro

of
to

p 
ga

rd
en

 o
n 

a 
fiv

e-
st

or
y 

co
m

m
er

ci
al

 b
ui

ld
in

g 
ca

n 
re

su
lt 

in
 a

 0
.6

–
14

.5
%

 s
av

in
g 

in
 a

nn
ua

l e
ne

rg
y 

co
ns

um
pt

io
n.

 A
 r

oo
fto

p 
ga

rd
en

 w
ith

 s
hr

ub
s 

(3
00

 m
m

 th
ic

k 
so

il 
an

d 
sh

ru
bs

) w
as

 fo
un

d 
to

 b
e 

m
os

t e
ff

ec
tiv

e 
in

 re
du

ci
ng

 b
ui

ld
in

g 
en

er
gy

 c
on

su
m

pt
io

n.
  

W
on

g 
et

 
al

 
[4

]; 
Si

ng
ap

or
e 

Fi
el

d 
m

ea
su

re
m

en
ts

 
H

ea
t t

ra
ns

fe
r 

th
ro

ug
h 

th
e 

ba
re

 r
oo

f 
w

as
 g

re
at

er
 th

an
 th

at
 th

ro
ug

h 
pl

an
te

d 
ro

of
s, 

an
d 

m
uc

h 
le

ss
 h

ea
t g

ai
n 

w
as

 o
bs

er
ve

d 
on

 p
la

nt
ed

 ro
of

s. 
B

ot
h 

th
e 

so
il 

la
ye

r a
nd

 p
la

nt
ed

 v
eg

et
at

io
n 

pl
ay

 
a 

ro
le

 in
 th

e 
th

er
m

al
 b

en
ef

its
 o

f t
he

 g
re

en
ro

of
. W

et
 s

oi
l c

an
 p

ro
vi

de
 a

n 
ad

di
tio

na
l i

ns
ul

at
io

n 
ef

fe
ct

 to
 th

e 
ro

of
. T

he
 ‘c

oo
lin

g 
ef

fe
ct

’ o
f p

la
nt

s l
as

te
d 

fr
om

 a
fte

rn
oo

n 
to

 su
nr

is
e 

th
e 

ne
xt

 d
ay

. 
K

um
ar

 a
nd

 K
au

sh
ik

 
[1

2]
; I

nd
ia

 
M

at
he

m
at

ic
al

 
m

od
el

 
A

 g
re

en
ro

of
 c

om
bi

ne
d 

w
ith

 s
ol

ar
 th

er
m

al
 s

ha
di

ng
 r

ed
uc

ed
 a

ve
ra

ge
d 

in
do

or
 a

ir 
te

m
pe

ra
tu

re
 

by
 5

.1
°C

, f
ro

m
 th

e 
av

er
ag

e 
in

do
or

 a
ir 

te
m

pe
ra

tu
re

 fo
r t

he
 b

ar
e 

ro
of

. T
he

 g
re

en
ro

of
 p

ro
vi

de
d 

a 
co

ol
in

g 
po

te
nt

ia
l o

f 3
.0

2 
kW

h/
da

y 
to

 m
ai

nt
ai

n 
an

 a
ve

ra
ge

 ro
om

 a
ir 

te
m

pe
ra

tu
re

 o
f 2

5.
7°

C
. 

A
 la

rg
er

 le
af

 a
re

a 
in

de
x 

re
du

ce
s t

he
 c

an
op

y 
ai

r t
em

pe
ra

tu
re

, s
ta

bi
liz

in
g 

th
e 

flu
ct

ua
tin

g 
va

lu
es

 
an

d 
re

du
ci

ng
 th

e 
pe

ne
tra

tin
g 

flu
x 

by
 n

ea
rly

 4
 W

/m
2 .  

Li
u 

an
d 

B
as

ka
ra

n 
[1

3]
; 

To
ro

nt
o,

 
C

an
ad

a 

Fi
el

d 
m

ea
su

re
m

en
ts

 
G

re
en

ro
of

s 
re

du
ce

d 
he

at
 f

lo
w

 b
y 

70
–9

0%
 in

 s
um

m
er

 a
nd

 1
0-

30
%

 in
 w

in
te

r. 
Th

e 
po

te
nt

ia
l 

en
er

gy
 s

av
in

g 
w

as
 1

9–
26

 k
W

h/
m

2 /y
ea

r. 
Th

e 
de

ep
er

 g
ro

w
in

g 
m

ed
iu

m
 (

22
5 

m
m

) 
pr

ov
id

ed
 a

 
10

%
 p

ot
en

tia
l e

ne
rg

y 
sa

vi
ng

s i
n 

th
e 

w
in

te
r a

nd
 <

5%
 in

 th
e 

su
m

m
er

 th
an

 th
e 

sh
al

lo
w

 g
ro

w
in

g 
m

ed
iu

m
 (

17
5 

m
m

). 
Th

e 
m

oi
st

ur
e 

av
ai

la
bi

lit
y 

fo
r 

ev
ap

ot
ra

ns
pi

ra
tio

n 
w

as
 li

ke
ly

 to
 b

e 
m

or
e 

im
po

rta
nt

 th
an

 th
e 

de
pt

h 
of

 th
e 

gr
ow

in
g 

m
ed

iu
m

. 
 

 © 2006 WIT PressWIT Transactions on Ecology and the Environment, Vol 93,
 www.witpress.com, ISSN 1743-3541 (on-line) 

8  The Sustainable City IV: Urban Regeneration and Sustainability



 

 

3.3 Reducing the urban heat island effect 

The ‘urban heat island effect’ (UHI) is the difference in temperature between 
urban areas and the surrounding undeveloped areas. It is caused by changes in 
the natural water and energy balance. Cities have large areas of dark materials 
such as roofs that absorb solar radiation and reflect this heat back into the 
atmosphere at night. The result of the UHI effect is that urban areas have higher 
air temperatures and lower air humidity than in the surrounding undeveloped 
areas. The intensity of a UHI depends on many factors, such as the size of the 
city and its energy consumption, geographical location, heat emission, absence 
of green space, month or season, time of day, and synoptic weather conditions 
[14]. Greenroofs can reduce UHI effect by increasing evapotranspiration, which 
creates a cooling effect, thereby reducing the temperature of the surroundings. 
But this effect is only more noticeable when numerous greenroofs are 
established side by side. 

Gomez et al [15] found that there was a heat difference of over 5°C between 
the city centre and the rural areas. The difference in temperatures between the 
city and the rural areas was 1.3°C. In green areas the temperature was about 
2.5°C below the city’s maximum temperature. Using the Mesoscale 
Compressible Community Model, Liu and Bass [16] showed that urban 
irrigation reduced average urban temperatures by 1°C. The addition of irrigated 
greenroofs located in the downtown area increased the cooling effect to 2°C and 
extended the 1°C cooling region over a larger geographic area. The simulation 
showed that with sufficient moisture for evapotranspiration, greenroofs can 
reduce the UHI effect. 

3.4 Reducing rainwater runoff problems 

Rainfall in urban areas is typically more problematic than in rural areas, because 
of impervious surfaces such as roofs, parking-lots and roads. These collect the 
flow and direct it into the urban drainage system, causing rapid runoff and higher 
peak flows. Greenroofs reduce rainwater runoff and thereby mitigate this 
problem. The reduction consists in delaying the initial time of runoff due to the 
absorption of water in the greenroof, reducing the total runoff by retaining part 
of the rainfall and distributing the runoff over a long time period through a 
relatively slow release of the excess water that is stored in the substrate layer 
[17]. The amount retained depends on many factors such as the volume and 
intensity of rainfall, the amount of time since the previous rainfall event, the 
depth and wetting scale of the growing medium and the roof slope. The main 
results and conclusions are presented in table 2. 

The mean process by which a greenroof reduces a roof’s runoff is 
evapotranspiration. Kolb [18] studied the evapotranspiration ability of greenroof 
plots (growing medium 50–140 mm) in Veitshöchheim, Germany, and found 
that, with an average monthly rainfall of 47 mm, evaporation was 21 mm (45%) 
during the year. Between May and August almost all rainfall evaporated, and 
between November and February evaporation was insignificant.  
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Mentens et al [19] studied in Belgium how evaporation is influenced by 
orientation of the slope. They found that there is a significant interaction with 
period, day and orientation. Evaporation is significantly different between all 
orientations except for east and west, being bigger in south-facing slopes than 
north-facing ones. 

Mentens et al [17] offers a review of the investigations of greenroof runoff 
retention capability, which were mainly performed in Germany. For annual 
runoff, they found that runoff is mainly determined by the roof type, and may be 
as low as 15% for an intensive greenroof and as high as 91% for a traditional 
non-greened roof. For seasonal runoff, the results showed that greenroof runoff 
was significantly higher during winter (80%) than during summer (52%). For 
three seasons runoff is 30% for the warm, 51% for the cool and 67% for the cold 
season; substrate depth was significantly important for the warm season. 

The water retention capability results of the Estonian study are similar to the 
results of the studies presented in Table 2. In the Estonian study three rain events 
were investigated. Two light rains were measured: rainfall of 2.1 mm (2.08.04) 
and rainfall of 2.6 mm (1.4 + 1.2 mm; 14.–15.09.04). The greenroof retained 
these rainfalls well – runoff was 32.6 and 19.3 l respectively, while the runoff 
from the reference roof was 290 and 340 l respectively. For the first rainfall, 
runoff from the greenroof ceased 10 hours later than runoff from the reference 
roof. Therefore the retention was 88.8 and 94.3% respectively. Exceptionally in 
the course of 4 days, a 18.2 mm rainfall took place (31.08.04–06.09.04). 12.1 
mm fell during the first 5 hours. It appeared that in the case of a heavy rainstorm, 
a greenroof can delay the runoff for up to half an hour, but cannot fully retain it. 
From both roofs an estimated 2850 l water ran off during those days. 1240 l ran 
off from the first outflow of the greenroof (gr1), which collected water from the 
more heavily plant-covered side, and 1650 l ran off from the second (gr2), less 
plant-covered side. Gr1 runoff finished later than the others, but still 40 hours 
after the other outflows. 

The melting of the snow cover with an average thickness of 220 mm of the 
greenroof was also observed over 17 days (22.03.05–07.04.05). It was to be 
expected that water came off less and more slowly from the more plant-covered 
side of the greenroof, and more rapidly from the less plant-covered side (by 995 
l). When the snow on the greenroof melted within one day, the runoff was about 
to cease, but started again after a couple of days, as the lower part of the 
substrate layer only began to melt then. The total runoff from the greenroof was 
3195 l, and 4066 l from the reference roof, because of the thicker layer (average 
thickness 290 mm) of snow. 

3.5 Reducing urban rainwater runoff quality problems 

Greenroofs may reduce the pollution of urban rainwater runoff by absorbing and 
filtering the pollutants, but they can also potentially contribute to pollutants 
released into water from the soil, plants and fertilizers. The runoff quality from a 
greenroof depends on the type of the roof (the thickness of the growing medium, 
its composition, vegetation and the type of drainage), the age of the roof, its 
maintenance; and also on the type of the surrounding area and the local pollution 
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sources [30]. For the majority of roof runoff water components, the results differ 
depending on the different greenroof systems and the composition of the 
growing medium. The main results and conclusions are presented in Table 3. 

Table 3:  The key results and conclusions of the studies of greenroofs’ runoff 
water quality. 

Study and 
location 

Results and conclusions 

Kolb [31]; 
Bayern, 
Germany 

Metal roofs with greenery cover reduced copper and zinc 
concentrations in roof runoff. For three year measurements, the 
copper concentration in the percolating water of a non-greened 
copper-sheet roof increased from 0.9 to 2 g, and in a greened roof 
it only increased from 0.8 to 1.1 g. The zinc concentration in 
percolating water of non-greened zinc-sheet roof increased from 
3.5 to 4.8 g, whereas in greened roof it decreased from 5 to 1.9 g.  

Köhler and 
Schmidt 
[32]; Berlin, 
Germany 

The tested greenroof substrates cause a rise in pH: in rainfall, 
median pH was 6.2, in the runoff of the conventional roof it was 
4.6, and in the runoff of substrates it was up to 7.5.  
Greenroof plots retained 94.7% of lead, 87.6% of cadmium, 80.2% 
of nitrates and 67.5% of phosphates over a three-year period. The 
efficiency of phosphate retention increased after the establishment 
of the vegetation from 26% in the first year to 80% in the fourth 
year. 

Liptan and 
Strecker 
[33]; 
Portland, 
Oregon, 
USA 

There was a decreasing trend in the total phosphorous 
concentrations measured in greenroof runoff. Phosphorous 
concentrations varied between 0.24–1.11 mg/l. The copper 
concentration in greenroof runoff was 4.8–10.5 µg/l, caused by the 
materials to be used on the roof, for example drainage materials. 
However, the copper loading would be much reduced in 
comparison to a traditional roof.  

Moran et al 
[25]; North-
Carolina, 
USA 

The results showed that compost in the growing medium may 
cause high concentrations of nitrogen and phosphorus in greenroof 
runoff. Total nitrogen and total phosphorus concentrations in four 
greenroof runoff samples was 2.1–5.4 mg/l and 1.2–1.5 mg/l, and 
in rainfall 0.3–0.7 mg/l and 0.05 mg/l respectively.  

Berndtsson 
et al [30]; 
Malmö and 
Lund, 
Sweden 

The studied greenroofs behave as a sink of nitrate nitrogen; they 
reduced ammonium nitrogen and total nitrogen. They are sources 
of potassium, phosphate phosphorus and total phosphorus. Young 
greenroofs behave as a source of total nitrogen, more than others. 
All of the heavy metals measured (Cd, Cr, Cu, Fe, Mn, Pb, Zn) 
were usually the same or lower than in the precipitation and 
reference roof runoff. Some studied greenroofs contributed lead, 
manganese and iron to runoff. However, greenroofs behave as a 
sink for copper and zinc. It should be noted that metals that are 
first retained by the roof can potentially be released from it when 
the roof ages. 

 
In Estonia, water quality was studied at three runoff events. When the rain 

and runoff were moderate, concentrations of COD, BOD7, TN and TP were 
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higher on the bituminous roof; pH on both roofs increased by more than 2 units. 
In samples taken in case of a heavy rainstorm, the components were less 
concentrated, as the rain washed more phosphates and nitrates out of the 
greenroof. In snowmelt, the water concentrations of all components were greater 
on the greenroof, because the greenroof contained more wintertime pollutants. In 
addition, the greenroof runoff always contained more sulphates and Ca-Mg-salt 
because of their presence in the LWA-material. 

In the Estonian study, the concentrations of total nitrogen and total 
phosphorus were much lower than that in the Moran et al [25] or Liptan and 
Strecker [33] studies, because the Estonian greenroof did not contain compost 
like the others. Therefore, in the Estonian study total phosphorous concentration 
was 0.03–0.09 mg/l, and total nitrogen concentration 1–2.1 mg/l. Thus the 
composition of the growing medium should be taken into consideration in 
selecting the soil mix.  

3.6 Other greenroof benefits  

In addition to the above-mentioned benefits, greenroofs also improve air quality, 
by catching a number of polluting air particles and gases, as well as smog. The 
evaporation and oxygen producing effect of vegetated roofs can contribute to the 
improvement of the microclimate. Greenroofs can also mitigate noise pollution. 
The substrate layer blocks lower sound frequencies and the plants block higher 
frequencies. In a standard test, an unvegetated roof reduced sound by 33dB. The 
greenroof reduced sound by 41dB when dry, and 51dB when wet [1]. In city 
centres, where access to green space is negligible, greenroofs create space where 
people can rest and interact with friends or business colleagues. Greenroofs 
provide a psychological benefit because of their appearance, which differs 
greatly from the ordinary. Therefore, aesthetic value is the most apparent benefit 
of greenroofs. Planted roofs also provide food, habitat and a safe place for many 
kinds of plants, animals and invertebrates. 

4 Conclusion 

This study showed that greenroofs can be effectively used in the mitigation of 
environmental problems in urban areas. Greenroofs are effective in helping to 
keep the building cool in summer and also to reduce building energy 
consumption. Their ability to effectively reduce the effect of urban heat islands 
was not sufficiently investigated, but it surely may be concluded that greenroofs 
are well able to do that. We may confirm that vegetated roofs reduce the 
temperature fluctuation in the roof membrane and prolong its lifespan. 
Greenroofs delay effectively rainfall runoff rate and volume, more in warm and 
less in cold period. The greenroofs’ runoff water quality was not as good as may 
be expected. Further investigations of the benefits of greenroofs will definitely 
be necessary in order to obtain more exact results on all of these topics and to 
confirm their ability to reduce environmental problems. 
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