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S1 Numerical solution of Egs. (8) and (9)

Richtmyer and Morton (1967, pp. 275-278) provide a numerical solution for Egs. (8) and (9),
common to that used for tridiagonal equations. These equations are

al,igir:l + bn,i‘gim1 + b12,iqin+l + Cl,iHirHl =d,; (S1)

n+1

8,05 +b,,, 07 +by, 07 + ¢, 007 =4, (S2)
The solution involves rewriting these in the form

eim-l — fl'

1
)

— €000 00y (S3)
o' = T~ 01 — ity (S4)
Here, e isa 2x2 matrix at each level i,and f isa 2x1 matrix at each level. These are found
by substituting

01 = T =€ —e, 0 (S5)
0 = Foi =€ — €O (S6)

into Egs. (S1) and (S2) to eliminate #":* and q"i', and then substituting the resulting equation

for " into that for g and vice versa. This gives



€1 =Gy (bzzi - ag,iezz,i,l)/det
i = —Cyj (b12| a1,ie12,i_1)/det

(S7)
€1 = Cy (b21i _a‘Z,ieZLi—l)/det
22| 2| (blll a1,ie11,i—1)/det
and
_ (bzz,i - a2,ie22,i—l)(dl,i —a; fl,i—l) _(b12,i - a1,ie12,i—1)(d2,i —8,; f2,i—1)
f =
H det (s8)
_ _(b21,i _az,ie21,i—l)(d1,i — &y f1,i-1)+(b11,i - al,iell,i—l)(dz,i —8y; f2,i—1)
f
2 det
with
det = (bll,i _al,iell,i—l)(bzzi —8;€p; 1) (b12| ai,ie12,i—l)(b21,i _az,ieZLi—l) (89)

The e and f matrices are found sequentially upward through the canopy from i =1 to N with

€10 =Cpo=€no=6p,=0and f =1, =0.Then, 6™ and g are calculated downward

through the canopy from i=N -1 to 1 using Egs. (S3) and (S4) with 6{" = f,, and qy* = f, .

S2 Algebraic derivation of Egs. (8) and (9)

In the equations that follow, g\ = 2g,AL,; and g% =29, AL, are sunlit and shaded leaf

sun,i sha,i

sha

and gEI = g(shalALsha,i are

sun

conductances for sensible heat scaled to the canopy. g;7 = g, AL

sun.,i

similar conductances for evapotranspiration. The coefficients in Egs. (8) and (9) are

;i =0, (S10)
Az sun sun sha sha

bll,i:pT+gal—1+gal+gH|(1_ai )+th|(1_aih ) (Sll)

b, =0 -0 (512



Ci =0 (S13)

dl,i = pmA?Zi ein " gis_lu‘ri]é\isun " g's_ih]ai\é-isha (814)

for temperature, and

&, =—0ais (S15)
b,y =—027s "™ — gers ™ (S16)
by, = pz—?zw Oaia+ Gas + 057 (1-52"8") + 025 (1-5" 5" (S17)
Ci =—0a; (S18)

d2,i = pnlA—AtZiqin + gIsEu? |:qsat (T/'rs]un,i ) + Sisun (é‘isun _Tf,'gun,i ):| + gISEhii |:qsat (T/rs]ha,i ) + SiSha (é‘iSha _T/’rs]ha,i ):| (819)

for water vapor.

Special boundary conditions are needed at the top layer (i = N ), where 8"" = 8" and

i+1 ref

qr = a so that

c, =0 (S20)
d, =LRCh g g+ g0 + 0, O (s21)
¢, =0 (522)
mA i qN sun n sun ( osun n sha n sha ( osha n
d2,i = %q + gE,i |:qsat (T(sun,i ) + Si (5| _T/,sun,i )i| + gErji |:qsat (T/,sha,i ) + Si " (5| " _Tésha,i ):| (823)
+ga,iquJ;1

and other terms are as given before.



Special boundary conditions are also needed for the first layer (i=1), where g"* =T,/

and g;" =qg" are the ground surface temperature and water vapor concentration, respectively,

so that

a, =0 (S24)
by, = pz—fzw Oai* 0ni + 055 (1= )+ 075 (1- 2™ ) - 0,142, (S25)
b, =—0518"" -9 8™ — 9.5 (S26)
d,; = p”lTﬁz‘é’i“ ORI + ORI + Gaiady (827)
a, =0 (S28)
by =—927s™M "™ — g2es o™ — hy S, 0.0 (S29)
b,,; =2 “‘AAtZ‘ 050+ s + 027 (158" )+ 927 (1- 5 B )~ 5,008, (S30)

d2,i = pnlA—AtZiqin + gIsEu:1 |:qsat (Tﬂrs]un,i ) + SiSun (b‘isun _T€:un,i ):| + gISEhla |:qsat (T(’Zha,i ) + siSha (é‘iSha _T(’:ha,i

)] (S31)
+hsO |:qsat (Ton ) +35 (50 _Ton )] Oso

and other terms are as given before.



