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5. Wait the water run off the soil and flow into the measuring cup until it stops. 

 
Figure 97. Water run off the soil and retained in the measuring cup. 

6. Weight the runoff water with the measuring cup. 

 
Figure 98. Weight the water runoff with cup. 
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7. Repeat step 3 to step 5 twenty-three times until the soil has received 240 g water. 

Record the whole procedures and the measurement. 

Table 9. Runoff ratio experiment outcomes. 
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Appendix E: MATLAB Scripts for Green Roof Simulation 

MATLAB scripts for bare soil temperature validation from April to September, 

2014: 

[T_soil] = SolveFunction(1,17568); 
T = readtable('soiltemp2014.xlsx'); 
NewT =[table(T_soil')]; 
writetable(NewT, 'test7.csv'); 
  
function [T_soil]=SolveFunction(start,finish) 
A = xlsread('soiltemp2014.xlsx'); 
v = A(start:finish,1); 
len=size(v); 
I_solar=A(start:finish,3); 
X_f=A(start:finish,8); 
Wind=A(start:finish,9); 
P=A(start:finish,10); 
T_air=A(start:finish,11); 
H_c=A(start:finish,13); 
T_sky=A(start:finish,15); 
RHO_air=A(start:finish,16); 
  
  
  
A_solar=0.6; 
B=0.0000000567; 
d=0.05; 
k_s=0.15; 
k_f=0.6; 
Delta_t=900; 
rho_dry=690; 
c_w=4180; 
c_d=950; 
U=0.273; 
T_bldg=22 + 273.16; 
T_soil = 8.12; 
  
  
  
  
for i=1:len 
    
    x_f=X_f(i); 
    h_c=H_c(i); 
    t_air=T_air(i) + 273.16; 
    i_solar=I_solar(i); 
    t_sky=T_sky(i)+273.16; 
    rho_air=RHO_air(i); 
    u=Wind(i); 
    p=P(i)*100; 
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    k = k_s*k_f/((1-x_f)*k_f+x_f*k_s); 
    E_surf=0.92+0.03*x_f; 
    C_z=0.0015; 
    R=2430000; 
    C_evp=R*rho_air*C_z*u*0.622*0.61078/p; 
   
  
     
    C_v=rho_dry*(c_d*(1-x_f)+x_f*c_w); 
     
    m=[t_sky,t_air]; 
    t_avg = mean(m); 
    C_mean = t_avg^3; 
     
    C_1= Delta_t / (2 * C_v * d); 
    C_2= i_solar * A_solar + 4 * E_surf * B * C_mean * t_sky + h_c * t_air; 
    C_3= h_c + 4 * E_surf * B * C_mean + k/d; 
    C_4= 1 / ( d / k + 1 / U); 
    C_5=exp(17.27*(t_air-273.16)/(t_air-273.16+237.3)); 
     
     
    T_soil(i+1) = (C_1 * (C_2-C_evp*(exp(17.27*T_soil(i)/(T_soil(i)+237.3))-
C_5)) * (k/d) / C_3  + C_1 * C_4 * T_bldg - (C_1 * (k/d) + C_1 * C_4 - C_1 * 
(k/d)^2 / C_3  -1) * (T_soil(i)+273.16)) - 273.16; 
     
  
end 
end 
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MATLAB scripts for vegetation-covered soil temperature validation from April to 

September, 2014: 

[T_soil] = SolveFunction(1,17568); 
T = readtable('vegtemp2014.xlsx'); 
NewT =[table(T_soil')]; 
writetable(NewT, 'test8.csv'); 
  
function [T_soil]=SolveFunction(start,finish) 
A = xlsread('vegtemp2014.xlsx'); 
v = A(start:finish,1); 
len=size(v); 
I_solar=A(start:finish,3); 
X_f=A(start:finish,8); 
Wind=A(start:finish,9); 
T_air=A(start:finish,11); 
H_c=A(start:finish,13); 
T_sky=A(start:finish,15); 
RHO_air=A(start:finish,16); 
H=A(start:finish,17); 
HumRat=A(start:finish,20); 
  
  
  
A_solar=0.6; 
B=0.0000000567; 
d=0.05; 
k_s=0.15; 
k_f=0.6; 
Delta_t=900; 
rho_dry=690; 
c_w=4180; 
c_d=950; 
U=0.273; 
r_l=360; 
R=2430000; 
T_bldg=22 + 273.16; 
T_soil = 3.722; 
  
  
  
  
for i=1:len 
    
    x_f=X_f(i); 
    h_c=H_c(i); 
    t_air=T_air(i) + 273.16; 
    i_solar=I_solar(i); 
    t_sky=T_sky(i)+273.16; 
    rho_air=RHO_air(i); 
    w=Wind(i); 
    h=H(i); 
    hr=HumRat(i); 
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    C_v=rho_dry*(c_d+x_f*c_w); 
     
    k = k_s*k_f/((1-x_f)*k_f+x_f*k_s); 
    E_canopy=0.97; 
    h_a=5.4; 
  
     
    m=[t_sky,t_air]; 
    t_avg = mean(m); 
    C_mean = t_avg^3; 
    R_canopy= 1 / ( d/k + 1/h_a); 
     
    C_1= Delta_t / (2 * C_v * d); 
    C_2= i_solar * A_solar + 4 * E_canopy * B * C_mean * t_sky + h_c * t_air; 
    C_3= h_c + 4 * E_canopy * B * C_mean + R_canopy; 
    C_4= 1 / ( d / k + 1 / U); 
    C_5= R *((1-h)*rho_air*hr/(r_l+20/(w^0.5))); 
     
    T_soil(i+1) = (C_1 * (C_2-C_5) * R_canopy / C_3 + C_1 * C_4 * T_bldg - 
(C_1 * R_canopy + C_1 * C_4 - C_1 * R_canopy^2 / C_3  -1) * 
(T_soil(i)+273.16)) - 273.16; 
     
  
end 
end 
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MATLAB scripts for water content validation from April to September, 2014: 

[w] = SolveFunction(1,17568); 
T = readtable('massbalance2014.xlsx'); 
NewT =[table(w')]; 
writetable(NewT, 'test1.csv'); 
  
function [w]=SolveFunction(start,finish) 
A = xlsread('massbalance2014.xlsx'); 
v = A(start:finish,1); 
len=size(v); 
Rain=A(start:finish,2); 
T_soil=A(start:finish,3); 
T_leaf=A(start:finish,4); 
Wind=A(start:finish,9); 
P=A(start:finish,10); 
T_air=A(start:finish,11); 
Rho_air=A(start:finish,13); 
RH=A(start:finish,14); 
DELTA_R=A(start:finish,16); 
   
  
d=100; 
B=0.622; 
C_z=0.0015; 
LAI=0.5; 
w=0.1765; 
r_l=360; 
  
  
for i=1:len 
    u=Wind(i); 
    t_air=T_air(i); 
    t_soil=T_soil(i); 
    t_leaf=T_leaf(i); 
    delta_r=DELTA_R(i); 
    p=P(i); 
    rain=Rain(i); 
    rho=Rho_air(i); 
    rh=RH(i); 
  
  
    P_wa=rh*6.116441*10^(7.591386*t_air/(t_air+240.7263)); 
    P_wl=rh*6.116441*10^(7.591386*t_leaf/(t_leaf+240.7263)); 
    E_soil=rho*C_z*u*0.622/p*0.61078*(exp(17.27*t_soil/(t_soil+237.3))-
exp(17.27*t_air/(t_air+237.3)));   
    E_veg=(rho*B*P_wl/(p-P_wl)-rh*rho*B*P_wa/(p-P_wa))/(r_l-46.4/u^0.5); 
    E_total=900*((1-LAI)*E_soil+LAI*E_veg); 
  
%     w(i)=rain-E_total-delta_r; 
 
    w(i+1)=(rain-E_total-delta_r)/d+w(i); 
     
end 
end 
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 MATLAB scripts for bare soil surface temperature in August, 2014: 

[t_surf] = SolveFunction(1,2976); 
T = readtable('soilsurface201408.xlsx'); 
NewT = [T,table(t_surf)]; 
writetable(NewT, 'soilsurf201408.csv'); 
  
function [t_surf]=SolveFunction(start,finish) 
A = xlsread('soilsurface201408.xlsx'); 
v = A(start:finish,1); 
len=size(v); 
I_solar=A(start:finish,3); 
T_soil=A(start:finish,4); 
X_f=A(start:finish,8); 
Wind=A(start:finish,9); 
P=A(start:finish,10); 
T_air=A(start:finish,11); 
H_c=A(start:finish,13); 
T_sky=A(start:finish,15); 
RHO_air=A(start:finish,16); 
  
  
  
A_solar=0.60; 
B=0.0000000567; 
d=0.05; 
k_s=0.15; 
k_f=0.6; 
C_z=0.0015; 
  
  
t_surf=zeros(len); 
  
  
for i=1:len 
    x_f=X_f(i); 
    h_c=H_c(i); 
    t_air=T_air(i) + 273.16; 
    i_solar=I_solar(i); 
    t_soil=T_soil(i)+ 273.16; 
    p=P(i)*100; 
    u=Wind(i); 
    t_sky=T_sky(i)+273.16; 
    rho_air=RHO_air(i); 
       
     
     
   %soil property%  
    
    k = k_s*k_f/((1-x_f)*k_f+x_f*k_s); 
    E_soil=0.93+0.03*x_f; 
    R=2430000; 
    C_evp=rho_air*C_z*u; 
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    m=[t_sky,t_air]; 
    t_avg = mean(m); 
    C_mean = t_avg^3; 
    delta_hum=0.622*0.61078/p*(exp(17.27*(t_soil-273.16)/((t_soil-
273.16)+237.3))-exp(17.27*(t_air-273.16)/((t_air-273.16)+237.3))); 
    q_evp=R*C_evp*delta_hum; 
     
     
    num = i_solar * A_solar + 4 * E_soil* B * C_mean* t_sky + h_c * t_air + 
k/d * t_soil-q_evp ; 
    dem = h_c + 4 * E_soil * B * C_mean + k/d; 
     
     
    t_surf(i) = num/dem-273.16; 
     
     
end 
end 
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MATLAB scripts for vegetation-covered surface temperature in August, 2014: 

[t_surf] = SolveFunction(1,2976); 
T = readtable('vegsurface201408.xlsx'); 
NewT = [T,table(t_surf)]; 
writetable(NewT, 'vegsurf201408.csv'); 
  
function [t_surf]=SolveFunction(start,finish) 
A = xlsread('vegsurface201408.xlsx'); 
v = A(start:finish,1); 
len=size(v); 
I_solar=A(start:finish,3); 
T_soil=A(start:finish,4); 
X_f=A(start:finish,8); 
Wind=A(start:finish,9); 
T_air=A(start:finish,11); 
H_c=A(start:finish,13); 
T_sky=A(start:finish,15); 
RHO_air=A(start:finish,16); 
H=A(start:finish,17); 
HumRat=A(start:finish,20); 
  
  
A_solar=0.6; 
B=0.0000000567; 
d=0.05; 
k_s=0.15; 
k_f=0.6; 
  
  
r_l=360; 
R=2430000; 
   
  
t_surf=zeros(len); 
  
  
  
for i=1:len 
    x_f=X_f(i); 
    h_c=H_c(i); 
    t_air=T_air(i) + 273.16; 
    i_solar=I_solar(i); 
    t_sky=T_sky(i)+273.16; 
    rho_air=RHO_air(i); 
    w=Wind(i); 
    h=H(i); 
    hr=HumRat(i); 
     
     
     
   %soil property%  
    
    k = k_s*k_f/((1-x_f)*k_f+x_f*k_s); 
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    E_canopy=0.97; 
    h_a=5.4; 
  
     
    m=[t_sky,t_air]; 
    t_avg = mean(m); 
    C_mean = t_avg^3; 
    R_canopy= 1 / ( d/k + 1/h_a); 
     
    
    num = i_solar * A_solar + 4 * E_canopy* B * C_mean* t_sky + h_c * t_air + 
R_canopy * (T_soil(i)+273.16)-R * ((1-h) * rho_air * hr /(r_l-
(20/(w^0.52)))); 
     
    dem = h_c + 4 * E_canopy * B * C_mean + R_canopy; 
     
     
    t_surf(i) = num/dem-273.16; 
     
   
     
end 
end 
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