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KEC=A1~r1~Rnc+p~Cp~(eb—eb) (A1)
At +y-(r +rC)

Sensible heat is calculated using (2) and the previous equation for AEc.

_ ¥ (r,+rc)-Rnc—p-Cp- (e, —eb)
A1+ (1 +re)

He (A2)

b) Bare soil
Using (10) and (21b)

p-Cp:(e; —€b) _p-Cp-A,-(T, ~Tb)+p-Cp-(e, ~¢b)
v-(r, +13) v-(r, +13)

AEs =

AEs-y-(r, +1s)—p-Cp-(e, —eb)
p-Cp-A,

(T, ~Tb) =

Using (4), (17) and (18)

G_PCpi(T,=T) p-Cp:(T, ~Tm)
ru I,

AEs = Go -

_PpCp(,-T) p-Cp(T,-Tb) p-Cp-(Tb-Tm)
ru I, I,

AEs

Using (T.-Tb), (T»-Tr) can be expressed as:

(T, Ty MBS (1 (s m) (e -cb)ru (To-Tm)ru
2 L p_C AZ.I‘L AZ'I'L rL

Using (3) and (4)
Rns = Hs + AEs + Gs

Ris - PP (T =Tb) o p-Cp(T, - Tm)
r2 I‘L

Rns =
p-Cp(T,-T,) p-Cp(T,-Tb) . pCp(T-Th) p-Cp-(Tb - Tm)

L, L, I I
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Then using the previous equations for (T»-Tr) and (T —Tb), AEs can be estimated by:

Rns-A, ‘1,1, +p-Cp-((eZ —-eb)-(ru+r, +1,)
Es — +(Tm-Tb) A, -(ru +r1,))

Y-(r, +rs)-(ru+1 +1,)+A, 1, “(Tu+r1,) (A3)
Sensible heat for the soil (Hs) is calculated using (3), (4), and 12.
Rns 1, A, —=AEs-(r, ‘A, +y-(r, +15)) +p-Cp- (e, —eb)

q =(—p-Cp-A2-(Tb—Tm) ] (Ad)

A,
¢) Residue covered soil
Similarly to bare soil, using equation (16) and (21d):

\gp_ 0Cpo(e;, —eb) p-Cp-A, (T, ~Tb)+p-Cp-(e, ~cb)
v, +1s+17) v (@, +1s+1r)

(TLI_Tb)=XEr'y-(rz+rs+rr)—p-Cp-(eb—eb)
p-Cp-A,

Using (6)

P-Cp-(Tr-T,) p-Cp-(T, - Tm)
ru I

AEr = Gor - Gr =

sgr 2 P Cp (Lr-T,) p-Cp-(T,, -Tb) p-Cp-(Tb-Tm)
ru I I

Using (T-Tb), (Taor-Ty;) can be expressed as:

o p-Cp A, A1 I

(T,r-T )_ﬂ. m+Y'(r2+rS+rr)-ru _(eb—eb)'ru+(Tb—Tm)-ru

Now, using (5) and (6)

Rns = Hr + AEr + Gr

R PP (Tr=Tb) . p-Cp(T,, ~Tm)
I, + 1T, T,
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_PCp(Tir=T,) p-Cp-(T,=Tb)  p-Cp:(T,-Tb) p-Cp-(Tb-Tm)

Rns
T, + 11, I, + 1T, I I,
Rns=p.cp'(Tzr_T“)+p-Cp~(TLr—Tb)' ;+L +)\Er+p-Cp-(Tb—Tm)
I +1T, (r, +1m,) 1 Iy

Then using the previous equations for (T2-Ty;) and (T, —Tb), AEr can be estimated by:

Rns-A,-(r,+11) 1, +p-Cp-((e, —eb)-(ru+71, +1, +11,)
7¥Er=(+(Tm—Tb)'A4-(ru+r2+rrh)) ) (AS)
Y (,+rs+rr)-(ru+r +1, +115,)+ A, 1, -(ru+r, +171;,)
Sensible heat for the residue (Hr) is calculated as:
Rns-r, -A, =AEr-(r, -A, +y-(r, +rs +1r)) + p-Cp- (e, —eb)
q =(—p-Cp-A“-(Tb—Tm) ) (A6)

N, tA,
d) Solution of equations for Tbh and eb
Values for Tb and eb are necessary to estimate latent heat and sensible heat fluxes in
equation (A1) through (A6)

AE from equation (7) is:

AE =AEc+ (1-fr)-AEs + fr- AEr

Then, using equation (10), (22), (24) and (26) in (7)
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p-Cp-(eb-ea)
1-1a,,
Al-rl'Rnc+p-Cp-(eZ—eb)+
At 4y (1 +10)

(1_fr).Rns-A2‘r2'rL+p‘Cp-((€Z_eb)-(ru+rL+r2)+(Tm—Tb)-A2.(ru+r2))+
V(5 +18) (ru+1, +1,)+A, 1 - (ru+1,)

'Rns~A4-(r2+rrh)-rL+p-Cp-((e;—eb)-(m+rL+r2+rrh)+(Tm—Tb)-A4-(ru+r2+rrh))
Yo(r, +rs+rr)-(ru+r +1, +115,)+ A, 1, -(ru+r, +11,)

fr

p-Cp-(eb-ea)
y-ra, -
A, -1, -Rnc + (1 fr)- Rns-A, 1,1,
A 1+ (1 +10C) Yo(r, +18)-(tu+1, +1,)+A, 1, -(ru+r,)
Rns-A, - (r, +11,) 1,
Yo(r, +rs+1r)-(ru+1 +1, +15)+A, 1, (ru+71, +11,)

fr-

1 +(1=-fr)- (ru+r, +1,)
A 1+ (1 +1C) vo(r, +1s)-(tu+1, +1,)+A, 1, - (ru+r,)

+p-Cp-(e, —eb)-
(ru+r1, +71, +11,)

fr-
Y (r,+rs+rr)-(ru+r +1,+15)+A, 1, -(Tu+71, +11,)

(1-fr)- A,-(ru+r,)

+p-Cp-(Tm-Tb):
fr-

Yo(r, +1s) (ru+1, +1,)+A, 1, - (ru+r,)

A, (tu+r, +11,)

y(,+rs+rr)-(ru+r +15, +115,)+ A, 1, ~(ru+r, +11,)

Using



A, -1,-Rnc +(1—fr)- Rns A, 1,1,
Al A1 +y: (1 +10) Yo(r,+r1s)-(ru+r, +1,)+A, 1, “(ru+r,)
- Rns-A,-(r, +11,) 1,
Yo(r, +rs+1r)-(ru+1, +1, +115, )+ A, 1, -(ru+1, +11;,)
1 +(1=fr)- (ru+r +1,)
A2 A1 +y: (1 +1C) yo(r,+rs)-(ru+r, +15,)+A, 1, “(ru+r,)
- - (ru+r1 +1, +11,)
Y (,+rs+rr)-(ru+r +1, +115,)+ A, 1, *(ru+1, +171;,)
-(1—fr)- A,-(ru+rt,)
A3 yo(r,+18) (ru+r1 +1,)+A, 1, -(tu+r,)
- A,-(ru+t, +11)
Y (r,+rs+1r) (ru+1, 41, +11,) + A, 1, (Tu+71, +171,)

p-Cp-(eb-ea) =A1+p.cp.(e:_eb)-A2+p~Cp-(Tm—Tb)‘A3
Yora,

Vapor pressure deficit can be expressed as:
(e, —eb)=e, —¢. +e. —eb=A, - (Tb-Ta) +e, —eb

Then,

PrCP(€b=€8) _ \14p-Cp-(A,-(Tb-Ta) +¢. —eb)-A2+p-Cp-(Tm-Th)- A3

y-1a,
(eb—ea) Al +A,-A2-(Tb-Ta)+ A2 (e, —eb) + (Tm-Tb)- A3
y-ra, p-Cp

eb-( 1 +A2)= Al A, A2-(Tb=Ta)+A2-¢' +(Tm—Tb) A3 +—2
y-ra, p-Cp vrra,,

ea y-ra,

1+A2-y-ra,

eb:[ Al +A,-A2-(Tb-Ta)+A2-¢, +(Tm-Tb)- A3+
p-Cp vrra,,

|
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Tb~(A3-A2—A3)+%—A3-A2-Ta
- e ] &7
+A2-¢ +Tm-A3+— TASTYT,
y-ra,

Similarly for sensible heat

Using (A4)
Hs = Rns 1 *A, —AEs-(r, -A, +y-(r, +15))+p-Cp- (e, —eb) —p-Cp- A, - (Tb — Tm)
A,
Hs = Rns — AEs- (1, A, +v-(r, +15)) N p-Cp-(e,—eb) p-Cp-(Tb-Tm)
A, A, I
Then using AEs from (A3)
Hs = Rns

_ Rns A, 1,-1, +p-Cp-((e, —eb)-(ru+1, +1,) +(Tm=Tb)- A, - (ru +1,))
Y (r,+18)-(tu+1, +1,)+A, "1, “(ru+r,)

((rL-A2+y-(r2+rs)))

A,
L, PCp-(e,—cb) p-Cp:(Tm-Tb)
A, Iy
Hs=Rns:|1- Aynon (r. - A, +7-(r, +15))
yo(r, +18)-(ru+1 +1,)+A, 1, -(ru+t,) L cA,
+p~Cp-(e;—eb)-( | ru+1, +T1, )((rL-A2+y-(r2+rs)))
A, yo(r,+1s)-(ru+r +5,)+A, 1 c(ru+r,) I A,
+p-Cp-(Tm Tb)- 1 A, -(ru+r,) (r, - A, +y-(r, +715))
, Y (n+rs) (ru+r +15,)+A, 1 -(ru+r,) LA,

Using

Xs=( 1 )((rL'A2+y-(r2+rs)))

Yo(r, +1s)-(tu+1, +1,)+A, 1, “(ru+r,)
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Hs=Rns-(1—A2-r2-rL-Xs)

—(ru+1 +1,) Xs [+p-Cp-(Tm-Tb)- L—Az-(m+r2)-Xs

L 2 L

+p-Cp-(e, —eb)-

Similarly for Hr from equation (A6)

B Rns 1 -A, —AEr-(r, A, +y-(r, +rs+11)) +p-Cp-(e, —eb) —p-Cp-A, - (Tb - Tm)
T, A,

Hr

CAEr-(n A 4y (x +rs+rr))+p-Cp-(eZ—eb)_p-Cp'(Tb—Tm)

Hr = Rns

I A4 I - A4 I
Then using AEr from (AS)
Hr = Rns

_(Rns-A,-(x, +11,) 1, +p-Cp-((e, —eb)-(ru+1,_+1, +11,) +(Tm=Tb)- A, - (ru +1, +11,))
yo(r,+rs+rr)-(ru+r +5, +15)+ A, 1 -(tu+1, +11,)

((rL~A4+y~(r2+rs+rr)) +p-Cp-(eZ—eb)+p~Cp-(Tm—Tb)

LA, LA, I,
Hr =Rns-
1— A, (r,+1r) 1 (rp A, +vy-(r, +15+171))
yo(r,+rs+r1r)-(ru+r +5, +11,)+A, 15 ~(tu+r1, +113) I A,

+p-Cp-(e, —eb)-
( 1 U+, +1, + 1T, )((rL-A4+y-(r2+rs+rr)))

oA, y(+rs+rr)-(ru+r 41, +15)+ A, 1 c(ru+r, +11;) 1 cA,

+p-Cp-(Tm-Tb)-

1 A, (ru+rt, +11,) (tl-A, +y-(r, + 15+ 11))
L Yy (p+rs+rr)-(ru+r +1, +15)+A, 1 c(ru+r, +11,) A,

Using

Xr=( 1 )((rL-A4+y-(r2+rs+rr)))

yo(r,+rs+rr)-(tu+r +1, +15)+A, 1, -(Tu+71, +11;) LA,
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Hr =

: —(ru+r1 +1, +11,)- Xr | +
L B4

Ros-(1-A, - (r, +11,) 1, - Xr)+p-Cp- (e, —eb)-(
P Cp-(Tm-Tb)- L—A4~(m+r2 +rrh)~Xr)
T,

L

Similarly for sensible heat, total sensible heat flux from (8) is:
H=Hc+(1-fr)-Hs+fr-Hr

Then, using (9), (23), (25) and (27) in (8)

p-Cp-(Tb-Ta) y-(r,+rc)-Rnc-p-Cp-(e, —¢b)
ra, A1+ (1 +rc)

Rns-(l—Az-rz-rL-Xs)+p-Cp-(e:,—eb)-( -(ru+r, +r2)-Xs)
I 8y

+(1-fr)-

+p-Cp-(Tm—Tb)-(i—A2-(ru+r2)-Xs)

I

Rns-(1-A, - (z, +rr)-rL-Xr)+p-Cp-(e;—eb)'( —(ru+1, +1, +rr)-Xr)
+fr- o

I

+p-Cp-(Tm—Tb)'(i—A4-(ru+r2+rr)-Xr)
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p-Cp-(Tb-Ta) _
ra,

Roc-— L) Rog (1= fir)-(1-A, -1, 1, Xs)+ fell— A, - (1, +15,) 1, - Xr))
A 1 +y- (1 +10)

-1
A1+ (5 +rc)

L B2

+(1—fr)-( —(ru+rL+r2)-Xs)-

+p-Cp- (e, —eb)-

+fr-( ! —(ru+rL+r2+rrh)‘Xr)

+p-Cp-(Tm-Tb)- (l—fr)~(i—A2-(Iu+r2)-Xs)+fr~(i—A4-(ru+r2 +rrh)-XrH

Iy Iy

Bl =|Rnc- v-( +10) +Rns-((1—fr)-(1—A2-r2-rL-Xs)+fr'(1—A4-(r2+rrh)'rL-Xr))
A1+ v (1 +10)
-1 ]
+(1-1r)- —-(ru+r +1,) Xs
B) - A1+ (1 +10) LR

+fr-( 1 —(ru+rL+r2+rrh)-Xr)

B3 = -(l—fr)-(l—Az-(ru+r2)-Xs)+fr-(i—A4'(ru+r2+rrh)-Xr)]

I Iy

p-Cp-(Tb-Ta) =Bl+p-Cp-(e, —eb)-B2+p-Cp-(Tm-Tb)-B3
ra,
(ITb-Ta) _ Bl | (e _eb)-B2+(Tm—Tb)-B3
ra, p-Cp

Vapor pressure deficit can be expressed as:

(e, —eb)=e, —¢, +¢, —eb=A,-(Tb-Ta) +e, —eb
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Then,
(b=Ta) __Bl (A, -(Tb-Ta)+e —eb)- B2+ (Tm—Tb)- B3
ra, p-Cp

(Tb—Ta)-(L—A3~B2)= Bl (e, —eb)-B2+(Tm - Tb)- B3
ra, Lp

Tb-(L—A3-B2+B3)= Bl +Ta'(L—A3-B2)+(e: —eb) B2 +Tm-B3
p-Cp ra,

B—1+Ta- L—A3-B2 ra,
Tb=|p-Cp ra, . (A8)

} 1-A;-B2-ra, +B3-ra,
+(e, —eb)-B2+Tm- B3

Equations (A7) and (A8) can be used to find Tb and eb:

From the previous equation (A7) eb was expressed as:

¢b=|Th-(A,-A2=A3)+—2L A -A2-Ta+A2-¢ +Tm-A3+—2|.| YT
p-Cp yora, | [1+A2-y-ra,

Using Tb from (A8)

Bl +Ta'(L—A3-B2)+(e: —-eb)-B2+Tm-B3

p-Cp ra,

ch = |- ra, -[A3~A2—A3] B I 0
1-A;-B2-ra, +B3-ra, 1+A2-y-ra,
AL A A2 Ta+A2-¢ +Tm- A3+

p-Cp y-ra,




-1+ ra, -B2-(A,-A2-A3)
1-A;-B2-ra, +B3-ra,

[ y-ra,

Bl +Ta-(L—A3-Bz)+e:-Bz+Tm~B3

1+A2-y-raWU=

p-Cp ra,
“h [A,-A2-A3] |
1-A,-B2-ra, +B3'ra, 1+A2-y-ra,
+ Al ~A,-A2-Ta+A2-¢, +Tm-A3+ £
p-Cp y-ra,
Bl +Ta-(1—A3'B2)+e:~B2+Tm~B3 :
p-Cp ra,
ra, [A,-A2-A3] TR
1-A,-B2-ra, +B3-ra, 1+A2-y-ra,
+ AL A A2 Ta+A2¢ +Tm A3+
p-Cp y-ra,
eb =
- ra,‘B2-(A,-A2-A3)] [ y-ra,
1-A,-B2'ra, +B3-ra, | |1+A2-y'ra,

183



Appendix 2

350 -

300 |— Equation (10)

250 1 - & Equation (21)

rc (s m?)

100

—h—hh b b ke kA

50 g aAAA

0 1 2 3 4
VPDa (kPa)

Figure A2.1. Canopy surface resistance calculated with equation (10) and (21) under
different vapor pressure conditions, C,;=5, C,=0.005, C5=300, C4=0.005, LAI=4,
LAImax=6, Radmax=1000 W m™ and Rad=600 W m™.
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Figure A2.1. Total evapotranspiration as function of LAI for three levels of vapor
pressure deficit. For this figure canopy resistance was calculated using equation (21) and
conditions are similar to the sensitivity analysis presented in Table 3.1.
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Appendix 3

Visual Basic Code for The Surface Energy Balance Model

st s sk sk sk sk ok ok sk sk s s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk st sk sk sk sk sk sk ke sk sk sk sk sk sk sk sk sl sie sk sk sk sk sk sk sk ki sk sk sk skoskoskoskoskosk ok

'Surface Energy Balance model by L.O. Lagos 2008

'Based on Choudhury and Monteith (1998) and Shuttleworth Wallace (1985): A four
layer Evapotranspiration Model

13k 3k s sfe ke sk sk ke sk sk ke sk ske ke s she e sk she ke sk she ke sk sk sie sk ske ke sk sk sie sk sk sie sk ske ke sk ske ke sk ske ke sk sk sie sk sk sie sk sk ke sk skeosie seoskeoske skeoskeoske skoskok
'Density of moist air Kg/m3

rho =1.013

'Specific heat for moist air J/Kg/K

Cp=1003.5

c=0

1d = 0.05 'm upper layer depth

'Atmospheric pressure P Kpa

zelev =300

p=101.3 *((293 - 0.0065 * zelev) / 293) ~ 5.26

'"Psychrometric constant Psy (mb/K)

psy = 0.000665 * p * 10

kh=0.01

=3 'reference heigth z (m)

For c=1 to 25000 * Hourly Data

st s sk s ok sk ok ok st sk s sk sk sk sk sk sk sk sk st s sk sk sk sk ks sk sk sk sk sk sk sk ki sk sk skoskoskoskosk

Model inputs

sk sk sk sk ske st sie sk sk sk sk sk st st sk sk sk sk sk sk s skeoske sk sk sk sk s skeoske sk skeoske stk skoskosk skeoskeskokosk
Rn=Cells(c, 7)  'Net radiation

RH = Cells(c, 24) 'Relative humidity RH %

RH6 = Cells(c, 23) 'Relative humidity at 6m

ta = Cells(c, 22) 'Air temperature

ta6 = Cells(c, 21 ) 'Air temperature at 6m

u = Cells(c, 19) 'wind speed u at 3 m m/s

u6 = Cells(c, 18)  'wind speed at 6m

H = Cells(c, 34)  'crop height h

L = Cells(c, 35) 'Leaf area index

Tm = Cells(c, 36) 'temperature at the bottom of the wet soil layer
rads = Cells(c, 28) 'Solar Radiation Rads W/m2

fr = Cells(c, 39) 'residue fraction

M = Cells(c, 38) / 1000 * 10 ' residue amount T/ha
crop = Cells(c, 41) 'Crop type 1=corn, 0=Soybean

st s sk s sk sk ok ok st sk sk sk sk sk sk sk sk sk sk st sk sk sk sk sk ok sk sk sk sk sk sk sk ki sk sk skoskoskoskosk

'Changing reference height values
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If H> 0.99 Then
RH =RH6
u=1ub

ta = ta6

Z=6

End If

'Slope of the Saturation Vapor Pressure-Temperature Curve, Delta (mb/K)
Delta =10 * 2504 * Exp(17.27 * ta/ (ta+ 237.3)) / (ta+ 237.3) " 2

deltal = Delta

delta2 = Delta

delta3 = Delta

delta4 = Delta

'ra Aerodynamic resistance for latent heat flux
IfH<0.01 Then
H=0.001
L =0.001
End If
cd=0.07
k=041
zos =0.01
alpha =2.5
If H <0.05 Then
d=10.0001
ra=(Log((Z-d)/zos)) "2/ (k"2 *u)
u2=u* Log((2-d)/zos)/Log((Z-d)/ zos)
Z00 = Z0S
Else
x=cd*L
d=1.1*H * Log(1l +x"0.25)

Ifx <0.2 Then

zoo=zos +03 *H*x"0.5

Else

zoo=03*H*(1-d/H)

End If
kh=k*2*u/(Log((Z-d)/zo0))* (H-d)
ra=1/(k”*2*u/(Log((Z-d)/zo00))) * Log((Z-d)/(H-d))+H/alpha/kh *

(Exp(alpha * (1 - (zoo +d)/H)) - 1)

If H <2 Then

u2=u* Log((2-d)/zos)/Log((Z-d)/ zos)

Else

uh=u* Log((H - d) / zoo) / Log((Z - d) / zoo)

u2 =uh * Exp(alpha * (2/H - 1))

End If
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End If
k1 =2 * 10~ -5 'thermal diffusivity
Dv =2.56 * 10 ~ -5 'water vapor diffusivity m2/s
tbw=2/(k"2*u/(Log((Z-d)/zoo))) * (kl /Dv)~(2/3)
ra=ra+ rbw
Cells(c, 51) =ra

'rah Aerodynamic resistance for sensible heat flux
tbh=2/(k”*2*u/(Log((Z - d)/ z00)))
rah = ra + rbh

'r2 Aerodynamic resistance between the soil surface and the sink of momentum
r2 = H * Exp(alpha) / (alpha * kh) * (Exp(-alpha * zos / H) - Exp(-alpha * (zoo + d) / H))
Cells(c, 52) =12

'r] Boundary layer resistance s/m
a=0.01"'m/s-1/2
If crop = 0 Then
w = 0.05 'leaf width
Elself crop = 1 Then
w = 0.08 'leaf width
End If
ustar =u * k / Log((Z - d) / zoo)
uh = ustar / k * Log((H - d) / zoo)
If uh <0 Then
uh =0.001
End If
gb = (a/alpha) * (uh/w) * 0.5 * (1 - Exp(-alpha / 2))
rl=1/gb/(2*L)
Cells(c, 53) =rl

"Vapor pressure deficit VPDa of the air at z(mb)
ew =10 * 0.6108 * Exp(17.27 * ta/ (ta + 237.3))
ea=RH/ 100 * ew

VPDa =ew - ea

Cells(c, 62) = VPDa

'rc Canopy Resistance s/m based on Stannard (1993) and non-linear VPD effect
If crop = 0 Then

LAImax =35

Rsmax = 1000

cl =45

c2=0.005

c3 =300

Elself crop = 1 Then

LAImax =6



Rsmax = 1000
cl=5

c2=0.005

c¢3 =300

End If

If rads <= 0 Then
rads = 0.001

End If

rc = LAImax /(cl * L) * (1 - Exp(-VPDa/ 10)) * 300 * Rsmax * (rads + c3) / (rads *

(Rsmax + ¢3))
Cells(c, 54) =rc

'ru Soil heat flux resistance for the top soil layer
key2 = 0.5 'W/m/K

1d=0.05

ru=rho * Cp * 1d / key2

Cells(c, 55)=ru

'rl Soil resistance bottom layer
Im=0.5"'m

Key = 2.5 "W/m/K

rl =rho * Cp * (Im - 1d) / Key
Cells(c, 56) =1l

'rs Soil heat flux resistance to water vapor diffusion
Hssoil = 0.05 ' surface layer thickness m

'Cells(c, 70) = Hssoil

ts = 1.5 'tortuosity

Dv =2.56 * 10 ~ -5 'water vapor diffusivity m2/s
por = 0.5 'porosity

B = 6#

theta = Cells(c, 37) 'soil water content

thetas = 0.45 'saturation water content

rs = Hssoil * ts / Dv / por * Exp(-B * theta / thetas)
Cells(c, 57)=1s

'Surface Residue resistance rr s/m
tsres = 1# 'residue tortuosity
Dv =2.56 * 10 ~ -5 'water vapor diffusivity m2/s
porres = 0.8 'Residue porosity
resden = 298 'residue density kg/m3
If fr > 0 Then
hsres =0.1 * M / fr / (1 - porres) / resden ' surface residue thickness m
Else
hsres =0
End If

189
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Cells(c, 58) = hsres
rr=hsres/Dv * (1 +0.7 *u2) ~ -1
Cells(c, 59) =1r

'Surface Residue resistance for heat transfer rrh s/m
Keyr = 0.2 "W/m/K residue termal conductivity

rth =rho * Cp * hsres / Keyr

Cells(c, 66) = rrh

'Radiation reaching the soil surface Rs and absorved by the canopy Rv
cext=0.6

Rns = Rn * Exp(-cext * L)

rv=Rn - Rns

Cells(c, 60) = Rns

'Cells(c, 61) =r1v

it=0

100it=it+ 1

Cells(c, 88) =it

"Vapor pressure (eb) and temperature (tb) within the canopy by L.O.Lagos 2008

Al = (deltal *rl *rv)/(deltal * r1 + psy * (r1 +rc)) + (1 - fr) * (Rns * delta2 * 2 * 1) /
(psy * (12 +rs) * (ru + rl + 12) + delta2 * rl * (ru +r2)) + fr * (Rns * delta2 * (12 + rrh) *
rl) / (psy * (r2 + rs + rr) * (ru + rl + 12 + rrh) + delta2 * rl * (ru + r2 + rrh))

A2 =1/ (deltal *r1 +psy * (rl +rc))+ (1 -fr) * (ru +rl+12) / (psy * (12 +rs) * (ru +rl
+12) +delta2 * rl * (ru +12)) + fr * (ru + rl + 12 + rrh) / (psy * (12 + rs + rr) * (ru + 1l +
r2 + rrh) + delta2 * rl * (ru + 12 + rrh))

A3 =(1-fr) * (delta2 * (ru + 12)) / (psy * (r2 + rs) * (ru + rl + r2) + delta2 * rl * (ru +
r2)) + fr * (delta2 * (ru + 12 + rrh)) / (psy * (12 + rs + 1) * (ru + rl + r2 + rrh) + delta2 * rl
* (ru + 12 + rrh))

XS=1/(psy * (r2 + rs) * (ru + rl +r2) + delta2 * rl * (ru + r2)) * (r] * delta2 + psy * (12
+1s)) / (r1 * delta2)

XR=1/(psy * (12 +rs +1r) * (ru + rl + r2 + rrh) + delta2 * rl * (ru + 12 + rrh)) * (r1 *
delta2 + psy * (12 +rs + rr)) / (1l * delta2)

B1 = (rv * psy * (r] + rc)) / (deltal * r1 + psy * (rl + rc)) + Rns * ((1 - fr) * (1 - delta2 *
r2 *rl * XS) + fr * (1 - delta2 * (r2 + rrh) * 11 * XR))

B2 =-1/(deltal * r1 +psy * (r1 +rc)) + (1 - fr) * (1 / (r] * delta2) - (ru + rl +r2) * XS) +
fr * (1/(rl * delta2) - (ru + rl + r2 + rrh) * XR)

B3 =(1-fr)*(1/1l-delta2 * (ru+r2) * XS) + fr * (1 / rl - delta2 * (ru + 12 + rrh) * XR)
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ebolagos = ((B1 / (rtho * Cp) + ta * (1 / rah - delta3 * B2) + ew * B2 + Tm * B3) * (rah /
(1 - delta3 * B2 * rah + B3 * rah)) * (delta3 * A2 - A3) + Al /(rho * Cp) - delta3 * A2 *
ta+ A2 *ew+Tm * A3 +ea/(psy *ra)) * (psy *ra/ (1 + A2 * psy *ra)) /(1 + (rah *
B2 * (delta3 * A2 - A3)) /(1 - delta3 * B2 * rah + B3 * rah) * (psy *ra/ (1 + A2 * psy *
ra)))

Cells(c, 69) = ebolagos

tbolagos = (B1 / (tho * Cp) + ta * (1 / rah - delta3 * B2) + (ew - ebolagos) * B2 + Tm *
B3) * (rah / (1 - delta3 * B2 * rah + B3 * rah))

Cells(c, 71) = tbolagos

"Vapor pressure deficit VPDDb of the air within the canopy(mb)
tb = tbolagos
eb = ebolagos

VPDb = ew + delta3 * (tb - ta) - eb
Cells(c, 63) = VPDDb

Cells(c, 64) = delta2

Cells(c, 65) = psy

"The Transpiration from the canopy

LambdaEv = (deltal * rv + rho * Cp * VPDb / r1) / (deltal + psy * (1 +rc/rl))’
Transpiration

Cells(c, 72) = LambdaEv

'Evaporation from the soil
ESolagos = (Rns * delta2 * r2 * rl + rho * Cp * (VPDD) * (ru +rl + r2) + (Tm - tb) *
delta2 * (ru +12))) / (psy * (12 + rs) * (ru + rl + r2) + delta2 * rl * (ru + r2)) 'Soil
evaporation by Octavio
Cells(c, 73) = ESolagos

If H <0.05 Then

ESolagos = (Rn * delta2 * rah * rl + rho * Cp * ((VPDa) * (ru + rl + rah) + (Tm - ta) *
delta2 * (ru + rah))) / (psy * (ra + rs) * (ru + rl + rah) + delta2 * rl * (ru + rah)) 'Soil
evaporation by Octavio

End If
Cells(c, 74) = ESolagos

'Evaporation from the residue-covered soil
ERolagos = (Rns * delta4 * (12 + rrh) * rl + rho * Cp * ((VPDb) * (ru + rl + 12 + rrh) +
(Tm - tb) * delta4 * (ru + 12 + rrh))) / (psy * (12 + rs + 1r) * (ru + 1l + r2 + rrh) + deltad *
rl * (ru + 12 + rrh))
Cells(c, 75) = ERolagos

If H <0.05 Then

ERolagos = (Rn * delta4 * (rah + rrh) * rl + rho * Cp * ((VPDa) * (ru + rl + rah + rrh)
+ (Tm - ta) * delta4 * (ru + rah + rrh))) / (psy * (ra + rs + rr) * (ru + rl + rah + rrh) +
deltad4 * rl * (ru + rah + rrh))

End If
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Cells(c, 76) = ERolagos

'Canopy Sensible Heat Flux

Psyl =psy * (1 +rc/rl)

Hc = (psy * (r]1 +rc) * rv - rho * Cp * VPDb) / (deltal * r1 + psy * (r1 + rc)) 'Sensible
Heat Olagos

Cells(c, 78) = Hc

'Soil Sensible Heat Flux
Hs = (Rns * delta2 * rl - ESolagos * (delta2 * rl + psy * (12 + rs)) + rho * Cp * VPDb -
rho * Cp * delta2 * (tb - Tm)) / (delta2 * rl)

If H <0.05 Then

Hs = (Rn * delta2 * rl - ESolagos * (delta2 * rl + psy * (ra + rs)) + rho * Cp * VPDa -
rho * Cp * delta2 * (ta - Tm)) / (delta2 * rl)

End If
Cells(c, 79) = Hs

'Residue covered soil Heat flux
Hr = (Rns * delta4 * rl - ERolagos * (delta4 * rl + psy * (12 + rs + rr)) + rho * Cp *
VPDb - rho * Cp * delta4 * (tb - Tm)) / (deltad * rl)

If H < 0.05 Then

Hr = (Rn * delta4 * 1l - ERolagos * (delta4 * rl + psy * (ra + rs + 1)) + tho * Cp *
VPDa - rho * Cp * delta4 * (ta - Tm)) / (deltad * rl)

End If
Cells(c, 80) = Hr

"Total evapotranspiration from the crop/residue/soil system
ET = LambdaEv + (1 - fr) * ESolagos + fr * ERolagos
Cells(c, 81) =ET

"Total Sensible Heat from the crop/residue/soil system
HT =Hc + (1 - fr) * Hs + fr * Hr
Cells(c, 82) =HT
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