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Abstract 

The present study is dealing with a mathematical modeling

and thermal analyses of a green roof above a house with an

area of 100 m2. The house located in Taif city, Saudi Arabia

The developed model included sub-models for: canopy o

vegetation, ground layer, concrete layer, and the cooling load

of the house. The model considered sensible and latent heat

for foliages as well as the ground layer. Variation of differen

temperatures through the ground and concrete layers are

obtained using finite difference technique with new

derivations for some nodes which are not available in the

published works. A realistic method including the mass and

orientation of the walls and windows of the house are used to

calculate the cooling load. At the same time, a similar house

with the same size without green roof is proposed and studied

to compare the effect of the presence of the developed green

roof. The simulation results showed that the maximum

temperature of the house with a green roof is lower by abou

10oC than that for the house without green roof in July month.

Keywords: buildings, energy saving, green roof

thermal analyses, numerical technique. 

 

INTRODUCTION 

Energy saving in the building is the most requirement

in recent years. Some techniques are developed to

achieve this target such as natural ventilation using

airflow windows which are used to conserve building

energy and decreases the comfort problems caused by

the glazing [1]. Smart systems that could automatically

regulate and mange lighting in the building is anthe

technique to enhance the energy efficiency inside the

building [2]. Other method such as cool and phase

change roofs are introduced [3]. The cool roof i

designed to keep the roof cool by reflecting the sola

radiation from the building roof and radiating the stored

heat away. Phase change material roof is introduced to

absorb large amount of heat demand at peak load time

as the phase change material changes its phase. Also

the heating load in winter for the house can be lowered
nding Author 
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egrating solar collectors on the back side of a 

facing PV module [4]. The proposed system 

es the solar cell efficiency beside decreases the 

 load of the house.  

tion of a green roof above the building is a 

ed technique to enhance the energy saving in the 

gs. This technique decreases the cooling load in 

r and the heating load in winter due to using the 

roof as an insulating material. Other benefit of the 

roof is increasing the life of the structure by the 

ion from the fluctuations of weather conditions. 

 conducted in Europe [5] have shown that the 

an of green roofs exceeded twice the life span of 

nventional ones. On the other hand, integration of 

roofs above the structure can reduce the air 

on and carbon dioxide emissions. A previous 

[6] showed that a green roof with a surface area of 
2 planted with Ixora chinensis, can lower the 

 concentration by 2 %. .The thermal behavior of 

roofs taking into account short and long wave 

ns, plant canopy effect on heat transfer, evapo-

ration is studied in Refs [7-9]. The results of the 

 showed that the relevance of the leaf area index 

 vegetation layer and of thickness of the soil are 

key factor regarding the growing media 

terization. A numerical simulation showed that 

ergy demand can be reduced by 6 % for a single 

house due to using green roof [10]. An 

ental study was conducted on green roofs under 

miarid summer climatic conditions of West Texas 

estigate the effect of soil type, moisture content, 

e presence of a top soil grass layer on the heat 

r through the roof [11]. The study included two 

of soil mainly uniform sand and local silt clay. 

xperimental results showed that the roof with silt 

oil had the lowest fluctuation in inner temperature 

n day and night times. An efficient one layer 

 parameterization that extends from the case of 

ielding of the ground by vegetation to complete 

ng is developed in [12]. It included influences of 

ground and foliage albedo, emisivities, net leaf 
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area index and several considerations. An experimental 

study for a passive cooling technique for energy saving 

using green grass as an insulation material is developed 

in [13]. The experimental measurements are carried out 

in February month according to the microclimatic 

conditions of Taif city, Saudi Arabia. The green grass 

covered the roof and walls of a room with an internal 

volume of 1m3. A similar room with the same size 

without green grass is examined to compare the 

enhancement due to the green grass technique. The 

experimental results showed that a temperature 

difference of about 13 oC between the room temperature 

with/without green grass was achieved. A developed 

theoretical study [14] showed that the green roofs 

protect the roof structure under extreme temperature 

and large temperature fluctuations. The study showed 

that for Antananarivo, Madagascar, the temperature 

fluctuations at the top of the structure is reduced by a 

significant value as a result of using a green roof 

technique. 

Thus, based on the previous studies, a mathematical 

model with thermal analyses is developed in the current 

study for a green roof integrated above a house with an 

area of 100 m2, located in Taif city. The city of Taif has 

its special climatic conditions due to its site above sea 

level and lower humidity. The temperature distribution 

through the ground and concrete layers for the proposed 

house is obtained numerically through the finite 

difference technique under unsteady state conditions. 

Also, the study is developed to cover some shortages in 

the previous developed models mainly matching the 

temperature of the lower surface of the concrete layer 

by that for the house to get a real variation with day 

hours. Also, it was observed that there is no clear vision 

for the realistic cooling load inside the house, where the 

most published works considered the difference 

between inside and outside temperatures as the only 

scale to calculate the cooling load.  In the present case, 

the load demand calculation include: the stored energy 

through the wall, mass and orientation of the walls, 

transmitted radiation through the glass windows,…, etc. 

The study included also a numerical solution for the 

node lied in the contact between ground and concrete 

layers which is not covered through the previous 

models. 

 

THE PROPOSED GREEN ROOF HOUSE 

The proposed green roof house has an area of 100 m2 

which may be enough for the living of small family. 

The proposed house is shown in Fig. (1). The green roof 

of the house consists of a green grass layer, ground 

layer as a growth media, and concrete layer. The 

thickness is 20 cm for each layer. The walls of the 

proposed house are assumed to construct of 241mm 

common brick and 12.5 mm plaster on both the sides. 

The house has one main door in the west side and 2 

windows in each side with an area of 1 m2 for each 

window. 

GREEN ROOF MODEL 

The present study included a developed model for a 

house with/without green roof. The model for the house 

without green roof is introduced to compare the effect 

due to an integration of a green roof. The developed 

model included the simulation for: green grass, ground 

layer, concrete roof and finally the variation of the 

inside house temperature along the day. The developed 

model is built on the basis of the following 

assumptions: 

1. The grass, ground and concrete layers are 

homogeneous with no heat transfer in the horizontal 

direction [14]. 

2. Heat transfer by conduction in the grass layer is 

negligible. 

3. Multiple reflection between the grass and ground is 

neglected. 

4. Perfect thermal contact between ground and 

concrete i.e. interface resistance is negligible [14]. 

5. One dimensional heat flow through the thickness of 

the ground and concrete layers. 

6. The thermal properties are independent on the 

temperature variation. 

7. Uniform temperatures inside the whole rooms of 

the house. 

8. Clear sky conditions. 

 

Canopy Of Vegetation 

Modeling of the canopy of vegetation is studied in 

different sources [7, 9, 12, 14, and 15-19]. Most of the 

developed models are mainly based an energy balance 

for foliage canopy and matching by that for the soil 

covered the concrete roof. Also, the foliages 

temperature, Tf was simulated under steady state 

conditions. In the present case, the temperature of the 

foliages is calculated under un-steady state conditions 

on the basis of an energy balance given in Eq. (1). 

     4 4

,1
f f gf

p f f lv f g f f ff
fg

dTm C I I T T H L
dt

   
 


        

          

(1) 

 1 exp 0.75f LAI                                                  (2) 

fg f g f g                                                               (3) 

Where: The first term of Eq. (1) represents the absorbed 

solar radiation and the long wave radiation emitted by 

the foliages to the sky. The second term represents the 

exchange radiation between the foliages and ground, 

beside the sensible and latent heats. The total solar 

radiation (I) is calculated by ASHREA model [20], while 
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the sensible heat and latent heats (Hf and Lf) in Eq. (1) 

are given by [12]: 

  ,1.1f o af p a f af af fH e LAI C C W T T         (4) 

 \\

,f af f L af af f sL LAI C q W r q q                     (5) 

Where: 

eo :  windless exchange coefficient of sensible heat   

Cf :  bulk heat transfer coefficient 

Waf:  wind speed at the air/foliage interface 

Taf:  temperature of air in the foliage 

r\\:  surface wetness factor 

qaf: mixing ratio of the air at the foliage interface 

qf,s:  saturated foliage mixing ratio 

The temperature of air in the foliage, Eq. (4), is given as 

[12]: 

   1 0.3 0.6 0.1af f a f a f gT T T T T           (6) 

While, the ambient air temperature (Ta), is calculated 

based on the maximum and minimum temperatures for 

the site under consideration [4 , 21]. 

 

Layer Of Ground 

Energy balance for the ground layer as a growth media 

above the concrete roof is similar to that in the canopy 

of vegetation. An energy balance at the ground surface 

i.e. x1 = 0, yields the net energy conducted through the 

ground [7 and 15] as: 

   4 4

,(1 ) 1
f f g

g f g lv g g f g g
fg

E I I T T H L
   

 


        
 

             

(7) 

Where the sensible and latent heats of the ground in Eq. 

(7) are [12]: 

  ,

g
g o ag p a h af af gH e C C W T T                      (8) 

 g
g e L af ag af gL C q W q q                                     (9) 

The value of qg in Eq. (9) is the mixing ratio of the air at 

the ground surface and is a function of the saturated 

mixing ratio, qg,s beside the moisture factor. The air 

density neat the foliage-ground interface ag is 

calculated by the ideal gas law. 

Figure (2) shows a sketch diagram to show the whole 

temperatures through the green roof model. The sketch 

is used to indicate the different temperatures of grass, 

ground, concrete, and air inside the room. 

For the present case, the temperatures variation through 

the ground layer is calculated using Finite difference 

method under unsteady state conditions. The layer is 

divided into 5 nodes with equal increment 1x  except 

at the top and bottom where the thickness is ( 1 / 2x ). 

The node temperature at the ground surface, i.e. x1 = 0, 

referring to Fig. (2), with a grid size ( 1 / 2x ) is given 

by [11]: 

  11

1 , 1 , ,2 ,1 2 2 2
gt t t

g o g g o g g o g
g

E x
T F T F T F

K A



         (10) 

 
, 2

1

g
o g

t
F

x

 



                                                            (11) 

,

g
g

g p g

K
C




                                                             (12) 

For the intermediate nodes (Tg2, Tg3, and Tg4), the 

temperatures are given by [11] as: 

 1

, , , , , 1 , , 11 2t t t t
g i o g g i o g g i o g g iT F T F T F T

             (13) 

The node lied at the interface surface between the 

ground and concrete layers, Fig. (2), is a common node 

where it consists of an increment of the ground (

1 / 2x ) as well as an increment of the concrete (

2 / 2x ). The temperature at the center line of this 

node represented the temperature of the 5th node of the 

ground layer i.e. Tg5 and at the same time represented 

the temperature of the 1st node for the concrete layer 

i.e.Tc1. Thus, this temperature can be derived following 

the procedure in [22] with an energy balance per unit 

area as:   

,

4 , 2 ,( ) ( )
g c

p g p c g g c c g c

dT
m C m C q q

dt  
            (14) 

Where the terms of Eq. (14) are: 

1 ,
( )

2

g p g
p g

x C
m C


                                                 (15) 

2 ,
( )

2

c p c
p c

x C
m C


                                                (16) 

  4 , 4 ,

1

g
g g c g g c

K
q T T

x  


                                          (17) 

 2 , 2 ,

2

c
c g c c g c

Kq T T
x  


                                            (18) 
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Substitute by Eqs (15-18) into Eq. (14) yields: 

      1

1 , 2 , , , 4 , 2 ,

1 2

1

2

gt t t t t tc
g p g c p c g c g c g g c c g c

K Kx C x C T T T T T T
t x x

        
  

   

(19) 

Substituting by Fourier number and thermal diffusivity 

given in Eqs (11 and 12), and re-arranged the terms, the 

new form is: 

     1

, , 4 , 2 ,

, 1 , 2 1 2

1 1 2 2t t t t t t
g c g c g g c c g c

o g c o c g c g

T T T T T T
F x K F x K K x K x


 

           

      

(20) 

Equation (20) can reduce as: 

     1

1 , , 2 4 , 3 2 ,

t t t t t t
g c g c g g c c g cC T T C T T C T T             (21) 

Thus, the final temperature Tg,c for the node between the 

ground and concrete layers is: 

1 2 3 32
, , 4 2

1 1 1

1t t t t
g c g c g c

C C CCT T T T
C C C

  
    

 
          (22) 

Where the constants C1, C2 and C3 are given in Eqs (23-

25) and depended on the thermal properties for both 

ground and concrete layers. 

1

, 1 , 2

1 1

o g c o c g

C
F x K F x K

 
     

                 (23) 

2

1

2

c

C
K x




                                                    (24) 

3

2

2

g

C
K x




                                                   (25) 

 

Layer of concrete 

The temperature of upper node of the concrete layer 

which is a common between ground and concrete layers 

is derived in Eq. (22), where Tg5 = Tc1 = Tg,c  as 

discussed. For the ith interior node (Tc2, Tc3 and Tc4), the 

temperature of each one is similar as that in Eq. (13) 

except replacing Fo,g, g and 1x by the corresponding 

ones in the concrete layer. 

However, the lower node of the concrete layer, Fig.(2), 

is exposed to a convective heat from the air inside the 

room beside the conduction from Tc4. Thus, the 

temperature of the 5th node of the lower concrete 

surface, Fig. (2), is derived by an energy balance per 

unit area as: 

  5
4 5 , 55

c
p c c c r cc

dTm C q q
dt                                     (26) 

Where: 

2 ,

5( )
2

c p c
p c

x C
m C


                                           (27) 

 4 5 4 5

2

c
c c c c

Kq T T
x  


                                        (28) 

 , 5 , 5 5c r c c r c r cq h T T                                        (29) 

Substituting by Eqs (27-29) into Eq. (26) and re-arranged the 

terms, then: 

     
2

, 5 212
5 5 4 5 5

( )

2

t tc r c xt t
c c c c r c

c c

hx T T T T T T
t K




    


                

(30) 

The final temperature of the lower node of the concrete layer 

is: 

, , 5 2 , , 5 21

5 5 , , 4

2 2
1 2 2

o c c r c o c c r ct t t t
c c o c o c c r

c c

F h x F h x
T T F F T T

K K
 

  
     

 

          

(31) 

Where
, 5c r ch 

 is the convective heat transfer coefficient 

between the room inside air and lower side of the 

concrete layer. The coefficient 
, 5c r ch 

is given in [23] 

as a function of air velocity inside the room space. 

 

Load calculation for the proposed house 

The load calculation for the proposed house included 

the heat transfer through the walls and windows. Also, 

the absorbed solar radiation through the walls and 

transmitted radiation through the glass windows are 

considered through the calculations. The heat transfer 

through the ith wall is given [23] by: 

, , , ,w i w i o i e iq A U T                                               (32) 

Where, Uo,i is the overall heat transfer coefficient for 

the ith wall. It is depended on the dimensions, 

properties, beside the inside and outside heat transfer 

coefficients [22 and 23]. The equivalent temperature 

difference ( eT ) in Eq. (32) is depended on: Outer and 

inner air temperatures, intensity of solar radiation 

(which in turn depended upon the latitude, day of the 

year, the time and orientation, absorptivity of the wall, 

thickness, density, specific heat, …etc. Carrier Air 

Conditioning Co-operation Handbook of Air 
conditioning System Design [24] reported the values of 

eT in Table (21-17) [23] for east, north, west and 

south walls at different masses, day hours. It is 

important to correct the tabulated eT to identify the 

present case by adding a correction factor to the 

tabulated value as given in [23]. For the proposed 

windows, the total heat transfer included the transmitted 
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solar radiation beside the heat flow through the window 

per unit area is [23]: 

 win o a rq SHGF U t T                                       (33) 

Where, the factor (SHGF) has been evaluated for 

wooden sash windows (with 85% glass area) with 

various latitude, orientation and solar times in Table 

(21-13) in Ref. [23]. 

Finally, the temperature variation of the inside air of the 

house is given by an energy balance as follow: 

 , , 5 5( ) r
p r win r c r c r cwall

dTmC q q A h T T
dt     

                          (34) 

Thus, by summation the heats transfer for all walls 

beside the summation of the heat through the windows, 

the inside air temperature can be calculated using Eualr 

s' integration as [25]: 

 
 1

, 5 5

t t t t
r r walls windows r c r c r c

p r

tT T q q A h T T
mC






     
  

              (35) 

Where the value of 
5

t
cT  is given in Eq. (31). 

For the model of the house without green roof, the 

concrete surface temperature can be expressed by: 

 \ \ \
1 1 2

\ \
1 2

, , ,1 2 2 2t t t c
o c o c o cc c c

c

E xT F T F T F
K A

 
            (36) 

Where 
\

cE  is the net energy conducted through the 

concrete layer without green roof and depended on: the 

absorbed solar radiation, emitted radiation to sky, and 

the convective heat from the upper concrete surface to 

the surrounding. Thus, the value of the net energy of the 

concrete layer without green roof can be expressed by: 

 \ \ \
1

\

, ,c c alv c c c a c
E I I h T T


                                (37) 

Where, the convective heat transfer coefficient hc,c\-a is 

depended on the wind velocity near the top surface of 

concrete layer. It depended on the wind velocity and 

given by [25]: 

\,
5.7 3.8 wc c a

h V

                                                (38) 

Where: Vw is the wind velocity near the concrete surface in 

(m/s). 

For the temperatures Tc2
\ - Tc5

\, it is possible to use the same 

equations used to calculate Tc2-Tc5 with replacing Tr by Tr
\ .  

 

RESULTS AND DISCUSSIONS 

The results and discussions in the present study 

included the effect of an integration of a green roof 

above a house and compare the results with the same 

house without green roof. The area of the proposed 

house is 100 m2 with a roof consists of a ground layer 

of thickness 20 cm covered by a canopy of vegetation 

(green grass), then the concrete layer with a thickness of 

20 cm. The data used in the model are given in Table 

(1). 

The calculated beam and diffused solar radiation in July 

month for Taif city using ASHREA model is shown in 

Fig. (3). As seen in the figure, it can be observed that 

the variation of diffused radiation may be insignificant 

compared to the variation of beam radiation. The 

summation of beam and diffused radiations gives the 

global one. Maximum value of global radiation 

occurred at noon times with a value of about 1002 

W/m2 as seen in the figure. Also, the diffused radiation 

contributed by about 13.6 % and 12 % for the maximum 

beam and global radiations, respectively. 

The temperatures of: green grass, air in the canopy and 

ambient air are presented in Fig. (4). The figure shows 

that the green grass temperature has the lowest value 

while the ambient temperature is the highest one 

through the day. The temperature of air inside the grass 

lies between the green grass and ambient air 

temperatures. Maximum values of about 40 oC and 

32.76 oC, are attained for ambient air and green grass, 

respectively as seen in the figure. Under these 

conditions, the temperature of air inside the canopy has 

a maximum value of 36 oC. 

The ground temperature under the canopy of vegetation 

is shown in Fig. (5). The ground layer used above the 

concrete layer was a clay sand with a thickness of 20 

cm. It is divided into five increments with a thickness of 

5 cm for each, except at the top and bottom where the 

thickness is 2.5 cm. The upper node lied at the ground 

surface while the lower one lied at the contact surface 

between the ground and concrete layers. The highest 

temperature was attained for the ground surface (node 

1) with a maximum value of about 33 oC which is 

referred to, the absorption of solar radiation transmitted 

through the green grass, exchange radiation between the 

ground and green grass, emitted radiation and finally 

the convective heat transfer from the ground surface. 

Also, it can be seen that there is a divergence between 

the curves particularly at noon times. Furthermore, the 

temperature of the lower ground surface has an increase 

trend with the day hours white the upper one began to 

decrease at about 2-3 pm. This behavior may be related 

to the trend of the temperatures of the intermediated 

nodes of the ground  layer and also of the concrete ones.   

The temperatures through the reinforced concrete layer 

are shown in Fig (6). The concrete layer has the same 

thickness and number of nodes as the ground one. From 

the shown figure, it can be seen that the temperature 

distribution through the concrete layer has not a clear 

view where it is bounded by the upper ground layer and 

the space air of the house. This means that the upper 

node of the concrete layer has a higher temperature 
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while the intermediate node has the lower temperature. 

This may be related to the influence of the lower node 

of the concrete layer by the house temperature. 

Accordingly, this behavior created an irregular 

temperature distribution. The differences between the 

nodes temperatures are not exceeded 1- 1.5 oC. 

Maximum temperatures through the upper and lower 

nodes of the concrete layer are 26.5 oC and 25 oC, 

respectively as seen in the figure. 

To show the impact of the integration of a green roof 

above the proposed house, a similar roof without green 

grass is introduced and modeled through the study. The 

concrete layer without a green roof has the same former 

and specifications. The temperature distribution through 

the bare roof (without green grass) is given in Fig. (7). 

Hence, the concrete surface without green roof is 

exposed to the absorption of solar radiation, emitted 

radiation beside the convective heat to the ambient air. 

This case makes the surface temperature (node 1) has 

the highest value with a maximum of about 51.5 oC at 

14:30 p.m. as seen in Fig. (7). On the other hand, the 

corresponding temperature of the concrete surface with 

green roof, Fig. (6), is about 25 oC at the same hour. 

This means that the using of a green roof above the 

house reduce the temperature of the concrete surface by 

about 26.5 oC than that without green roof.  Also, it can 

be observed that the temperatures of lowers nodes are 

more closed. The same trend for the lower surface of 

the concrete may be the same as that in Fig. (6).   

Different heat transfers through the walls of green roof 

building are shown in Fig. (8). It is clear from the figure 

that the east wall has the highest heat transfer due to its 

highest temperature as a result of facing to the sun 

while the minimum heat transfer occurred with the 

north wall. The same trend for the east wall occurred 

with the west wall particularly at after noon times. On 

the other hand, the heat transfer through the south 

facing wall may be in between the east and west walls 

where it is always faced to the sun at nearly all day 

hours. Maximum heat transfer occurred with the east 

wall with a value of about 35 W/m2 at 13 p.m. At late 

after noon times, the maximum heat transfer occurred 

with a value of about 30 W/m2 at about 18 p.m.     

The temperature of the air inside the proposed house 

with/without green roof was calculated and presented in 

Fig. (9). 

The calculated temperature was based on the simulation 

of different temperatures of green grass, ground layer 

and concrete layers beside the cooling load of the 

house. It is clear from the given figure that the 

temperature of the inside air of the house with a green 

roof is lower than that without green roof. This may be 

related to the higher reduction in the temperatures of 

concrete layer with green roof than that without one. 

Maximum temperature of the air inside the house with a 

green roof is 28 oC while the corresponding one was 38 
oC without green grass as seen in the figure. This means 

that the integration of a green roof above the house 

reduced the air temperature inside the house by about 

10 oC in July month. Also, the time of maximum 

temperature was at late after noon times due to the 

release of the stored energy through the walls of the 

house through the day hours. 

 

CONCLUSIONS 

The present work is developed to study and analyze the 

heat transfer and energy saving of a house with/without 

green roof. The developed governing equations 

described the heat processes through the different 

components are solved numerically using fine 

difference method. The calculated temperature of grass 

is lower than that for ambient temperature by about 7 oC 

at noon times. On the other hand, the temperature of air 

inside the green grass lies between the grass and 

ambient temperatures.  Under these conditions, the 

ground surface temperature under the grass layer has a 

maximum value of about 33 oC due to the absorption of 

solar radiation transmitted through the green grass. The 

corresponding value of the concrete surface without 

green grass was about 51.5 oC due to the absence of a 

green roof. As a result the maximum temperature of the 

inside air of the proposed house without green roof was 

about 38 oC while the corresponding value was 28 oC 

for the house with green roof. The higher temperature 

of the inside air in the case of without green roof is 

mainly referred to the higher temperatures of the 

concrete layer which exposed directly to the incident 

solar radiation. 
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Table (1): Dimensions and properties of the main components of the proposed green roof model [ (-),  (Kg/m3), K (W/m.K), Cp 

(J/Kg.K),  (-), and  (-)]. The given data are obtained from Refs [14, 15, 23 and 25]. 
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Figure (1): The proposed green roof house 
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Figure (2). Sketch diagram for the components and temperatures of green roof model 

 

 

 

Figure (3). Beam, diffused and global solar radiations on the roof of the proposed house with/without green grass by ASHREA 

model. 
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Figure (4). Different temperatures of green grass, air in the canopy, and ambient air for the proposed green roof in July month. 

 

 
 

Figure (5). Different temperatures at different depths through the ground layer down the green grass layer 

. 

 
 

Figure (6). Different temperatures at different depths through the concrete layer of the proposed green roof. 
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Figure (7). Different temperatures at different depths in the concrete layer without green roof. 

 

 
 

Figure (8). Calculated heat transfer through the different walls of green roof building. 

 

 
 

Figure (9).  Calculated temperatures of the inside air of the proposed house with/without green roof. 
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NOMENCLATURE 

A area (m2) 

Cp specific heat (J/kg.K) 

C1,2,3 constants 

g
hC  bulk transfer coefficient for sensible heat near the  

ground 

Fo Fourier number 

h heat transfer coefficient (W/m2.K) 

H sensible heat (W) 

I solar radiation (W/m2) 

Ilv long wave radiation (W/m2) 

K thermal conductivity (W/m.K) 

L latent heat (W), thickness (m) 

LAI foliage leaf area index (m2/m2) 

m mass (kg) 

t time (s) 

T temperature(oC) 

V velocity (m/s) 

(SHGF) sensible heat gain factor 

Q heat (W) 

x distance (m) 

Greek letters 

                         thermal diffusivity (m2/s) 

c                       absorptivity of concrete (-) 

f, g   shortwave albedo for foliage and ground (-)  

  density (kg/m3) 

  emissivity (-) 

  Stefan-Boltzman constant (W/m2.K4) 

f  fractional coverage (0-1) 

Superscripts 

a  air 

af  air in the foliages 

c  concrete, convective 

c\  concrete without green roof 

f  foliage 

g  ground 

g,c  ground-concrete 

r  room 

w  wall, wind 
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