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xsat = xa[l, éairbase] (* chamber saturated mol fraction =)

0.0313236

Sunflower model (Pieruschka et al. e 0 mn,

short wave radiation load from light source per unit leaf area, eq x)

2010)

Base case: cold mirror illumination of a leaf in a gas exchange cuvette Physical quantities
inzs}- Po = 1.28 R298.15 % 10" (-6) (*» ref vapor pressure MPa x)

Note: Equation numbers reference main text unless otherwise specified. ouEsi- 0.00317308

inses)- Remove["Global ™ "] .
nasz)- Pa = Patm*10”7-6 (x atm pressure in MPax)

ouiaszi= 0.1013

Temperature
R298.1 44 1 1
io- Gairbase = 273.15 + 25 e €LY, 6] t=1.28 —2o0e18 Exp| - 000 (_ _ ]]
(* air temp preserves true mol fraction if change air temp in cuvettex) t) R e 298.15
298.15 (¢ + Pa-Po) 18.07
Exp[i] (*mol fraction for ¥ in MPa, Eqn. 1.4 x)

R 6

inz70)- ©air = 273.15 + 25(* air temp actual after a temp corr =)
nzsai- CvO = O c[Yvar, 6] /. 6 -» Ovar ;

oua7o)= 298.15 (* linearization of dx/dT 1/K, eqn. 27 Supp. Text S1 )
Cvy =0y c[y¥, 6var] /. ¥ - yvar ;
ns71- ©sur = @air; (* for cuvette experiments all surfaces assumed at air temp *) (* linearization of dx/dpsi 1/MPa, eqn 26 Supp. Text S1x)

n@esi= A = 44000 - 43 (6var - 298.15) ; (* Joules per Mol, Latent heatx)
Soil dependance of yr

Patm evar

1.8
Ini3sel= DV = 2.13*( ] * 10" (-5);

ne72= Ps = - .2 ; (*» soil potential (assumed) mpa *) R 6var 273.15

na73)- Yr = ¥s (*+ stem potential (assumed) mpa, not modelling whole plant hydraulics ) (+ cDv for mol frac driving force out of leaf x)

ouzral= — 0.2 nge7= kvh = .026; (* Thermal conductivity of air W m-2 K-1x)

ngesi- 0 = 5.670373 10"~ (-8); (#stefan boltzmann W/m2/kelvin-4 )

Other Environmental parameters ngssj= F = 1; («view factor radiative from leafx)

inz74- R = 8.3145; (*gas constant Joules per mole per Kelvinx)

) Leaf parameters
in@7s)- Patm = 1.013 x 10”5 ; (»atm pressure in Pax)

naoo)- €l = 0.96; (% emissivity leaf )

R298.15 44000 (1 1
neer- xalrh_, 6_] :=rh [1.28 Patm Ex [- R (; - 298.15]]] nzo1- al = €l ; (*» long wave absorptance leaf x)
n377- RH = .835 (% humidity in chamber free-air stream ) ngezi- Al = .2; (% .1263 oakair fraction, say 0.5 just mesophyllx)
0.835 Av = 1-Al; (xArea fraction tissue in leaf from 2011 data 12.63%x)
out3771= 0«
AUl = .8; (* .1263 oakair fraction, say 0.5 just mesophyllx)
na7e)- xair = xa[RH, 6airbase] (x» chamber mol fraction x) AUV = 1 - AUl; (*Area fraction tissue in leaf from 2011 data 12.63%*)

ouzzel= 0.0261552

L =200x10" (-6);

wsosi- LU = 200 x 10~ (-6) ;
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Check whole leaf air fraction n4ia- xue = x [Yue, 6ue]; (% mole fraction at upper epidermis (inside stomata) )
LAv + LUAUvV

s . 1 s \-1
L .10 (xvol weighted area fractions x) (e Jtran = [_ . ] (xe - xair); (» eqn 1.34 )
gs gbl
0.5
& \-1
inzesi= klh = .2; (» Thermal conductivity of the cells, w m-1 K-1x) 5= UJtran = + (xue - xair); (x eqn 1.34 x)
Y gsu gbl

inaos)- k1 = 1% 10" (-6); (* hydraulic conductivity of the cells, mol m-1 MPa-1 s-1 %)

Yo = yr - (Jtran + UJtran) /HA; (* eqn 1.4 x)
(» Describes potential drop from source to vacular plane in leaf x)

400 HA = (0.1); (#mol m-2 MPa-1 s-1, no steady state 1D scale factor =)

Absorbed radiation Stomatal functions (based on matching total gs for cold mirror initial condition)
oy @=0.1xSRsun/L; (x w m-3 volumetric heat source, J417- stomalow[ps_] := 0.5363540283333067" + (ps+.9) .6 (» gs max 1.2 )

-1 is fraction of total abs solar rad abs in spongy ) 415~ stomaup[psu_] := 0.17186009317252962° + (psu +0.45) .6 (+ gs max 1.2 %)

QU=0.9*SRsun/L; (* w m-3 volumetric heat source,
.9 is fraction of total abs solar rad abs in palisade x)

Initial values

Description of fluxes and relations to env parameters e Yrinit = -.9;

i 1.8 4201 Yrinitup = - .45
2.13 % (%) #10" (-5) Patm
na0z- gbl = - ; (* c(tair)sDv(Tair),
ROair
boundary layer molar conductivity, mol m-1 s-1x) ne2i)= var = @air; (x air x)
yvar = Yyrinit; (* yr =)

-0.45

i 1.8
2.13*( oair ) %10* (-5) Patm

273.15 . . .
- 1.42; First iteration
Reoair
X Al klh +Avkvh Al klh+Avkvh Cvy
(* boundary layer thickness, m eqn. 75 Suppl. text S1 x) aea- M= 1+ + _—
AAv Dv Cve AAlkl Ccve
ini4os= gbl / & (* eqn. 1.10, greater than one favors conduction over latent x)
outaos)= 1,42 2.75973
in406)= (% Li-cor one-sided boundary layer conductance is 1.42 mol/m2/s g_bw, A Alkl Av Dv Cve
d=Dv+C_a/g_bw C_a=40.49 mol/m3+) mizé= 11O = 1

+
Al klh + Av kvh Al kl + Av Dv Cvy
(* eqn 1.12, greater than one favors latent over conduction x)
ouaza)- 1.56827

kvh
gqsl = — (6le-6air); (* eqn 1.32 %)
8

AUl klh + AUv kvh AUl klh + AUV kvh Cvy
+ —_

kvh
n408)- gsu = —— (Gue -Bair); (* eqn 1.32 %)
)

- MUy =1+
A AUV DV CvE A AUl k1 Ccve
- celole!-Fal (c esur“) ; (% eqn 1.29 %) (* eqn. 1.10,greater than one favors conduction over latent )
= ; .
11.5085
0= qru = oeloue’ -Fal (o Osur'); (x» eqn 1.29 «)
A AUl k1 AUv Dv CvO
R298.15 44000 (1 1 (¢ + Pa-Po) 18.07 nve = 1+
s- x[¥_, 6_] t=1.28 Ex [- (— - ]] [ ] AUL k1h + AUv kvh AUL k1 + AUV Dv Cvy
Patm R 6 298.15 R 6

(* eqn 1.12, greater than one favors latent over conduction )
1.09516

(xfor ¢ in MPa eqn. 1.4 x)

xe = x[¢yle, 6le]; (* mole fraction at lower epidermis (inside stomata) =)
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Check that inverse sums equal one (eqn. 46):

Global energy conservation

Solution lower thermal field

x2 X
in430)= OL[X_] 1= 60+ |- —— + —
212 L

(gsl+qrl) L

oL’

AAlklJtranL

qsu+qru+qgrl +qgsl+AJtran + AUJtran; (* eqn 1.39 x)

. ev .,
ne (Al klh + Av kvh)

1

16 (Al klh +Avkvh) 16 (Alklh+Avkvh) (Alkl+AvDvCvy) ) L

Solution upper thermal field

2Lu? LU
(gsu + gru) LU

x2 x
nest)= OU[X_] 3= 60+ | - + —

QU LU?

x
— (% eqn 1.28 «x)

-
nmue (AUl klh + AUV kvh)
A AUl k1l UJtran LU 1

x
— (* eqn 1.28 x)
Lu

Solution upper potential fie

2

Injasz)= YU[x_] ==ll’°+[ x -—
2Lu? LU

x

Id

Qu Lu?

——
Uy AUl k1 X
(qsu + qru) LU UJtran LU AUl klh + AUV kvh x

nUe (AUl klh + AUV kvh) TU6 (AUL klh + AUv kvh) (AUL kl + AUV Dv Cv¥)

Uy AUL k1 XA Uy AUL k1 A AUv Dv Cve

Solution lower potential field
x?  x Q12
ina3s)= YL[x_] s=yYo+ | —— - — —_—
212 L) MyAlkla

Al klh + Av kvh

(gsl+qrl) L JtranL
my Al k1 A my Al k1 A

Av Dv Cve

— (* eqn 1.27 =)
LU

x
—(* eqn 1.27 x)
L

5
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Solve system

6u[LU] e1[L]

n434y= sol = FindRoot [{— ==1, — =1, SRsun == gsu + qru + qrl + gsl + A Jtran + A UJtran,

Ou

1[434];

435)

[435)=

1[436]=

6ue 6le
Y1l[L] 1 Yyu[LU] 1 stomalow[yle] 1 stomaup [Jue]

Yyle Jue gs gsu
{{60, Gair}, {6ue, Gair}, {Ole, Gair}, {Yle, Yyrinit},
{Yue, yrinitup}, {gs, .3}, {gsu, .3}}, PrecisionGoal - 4]

{60 —» 298.521, 6ue - 298.541, 6le » 298.413,
Yle » -0.906995, Jyue » -0.45013, gs » 0.532157, gsu —» 0.171782}

update seed values

évar =60 /. sol
yvar = yo /. sol
298.521

-0.230118

Second iteration

437]:

nl438):=

0]

jearj- TIUO = 1+

441

Cve = 9 c[yvar, 8] /. 6 »6var ; (* linearization of dx/dT 1l/k *)
Cvy =0y c[y, 6var] /. ¥ » yvar; (x linearization of dx/dpsi 1l/mpa x)

Al klh + Av kvh
my=1+ ——— +
AAv Dv Cve
Al klh + Av kvh Cvy
———————— —— (* greater than one favors conduction over latent x)

AAl k1l Ccve
sz 2.73893
A Alkl Av Dv Cve
n4ze)= MO = 1+

Al klh + Avkvh Al kl + Av Dv Cvy
(* greater than one favors latent over conduction %)

1.57507

AUl klh + AUV kvh
=ly+ —
A AUV Dv CvE
AUl klh + AUV kvh Cvy
—————————— —— (% greater than one favors conduction over latent %)
AAUL k1 Cve

11.2662

AAUL k1 AUv Dv Cve

AUl klh + AUv kvh AUl k1 + AUV Dv Cvy
(* greater than one favors latent over conduction %)

1.09741
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eU[LU] 61[L]
sol = FindRoot [{— =1, == 1, SRsun == gsu +qru + qrl + gsl + A Jtran + A UJtran,
6ue 6le
Yl[L] Yyu[LU] stomalow[yle] stomaup [Jue] }
—_—==1 = == =1
yle ! Yue ! gs ! gsu !

{{60, Gair}, {6ue, Gair}, {6le, Gair}, {yYle, yrinit},
{Yue, yrinitup}, {gs, .3}, {gsu, .3}}, PrecisionGoal » 4]

{60 » 298.515, 6ue » 298.536, ©le > 298.409,
Yle » -0.899661, Jyue » -0.450011, gs - 0.536557, gsu -~ 0.171854}

update seed values

évar = 6o /. sol
yvar = Yo /. sol

298.515

-0.230213

Third iteration

Cve = 9g c[yvar, 8] /. 6> 6var; (* linearization of dx/dT 1/k *)
Cvy =0, c[y, 6var] /. ¥ - yYyvar; (* linearization of dx/dpsi 1/mpa =*)

Al klh + Av kvh
—

AAv Dv Cve
Al klh + Av kvh Cvy

(* greater than one favors conduction over latent =)
AAlkl Ccve

2.73917

A Alkl Av Dv CvO

ne=1

+
Al klh + Av kvh Al kl + Av Dv Cvy
(* greater than one favors latent over conduction x*)
1.57499

AUl klh + AUV kvh
nmy =1+ —— 4+
A AUV Dv CvE

AUl klh + AUV kvh Cvy

(* greater than one favors conduction over latent =)
AAUL k1 cve

11.269

AAULl k1 AUv Dv Cve

nue = 1+

AUl k1lh + AUv kvh AUl k1 + AUV Dv Cvy
(* greater than one favors latent over conduction x)

1.09738

7
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eU[LU] 61[L]
in4s0)= sol = FindRoot [{— =1, == 1, SRsun == gsu +qru + qrl + gsl + A Jtran + A UJtran,
6ue 6le
Y1[L] Yyu[LU] stomalow[Yle] stomaup [Yue] }
—_—==1 = = =1
yle ! Yue ! gs ! gsu !

{{60, Gair}, {6ue, Gair}, {6le, Gair}, {yYle, Yyrinit},
{Yue, yrinitup}, {gs, .3}, {gsu, .3}}, PrecisionGoal » 4]

ouaso)= {60 - 298.516, 6ue » 298.536, 6le > 298.409,
Yle » -0.899748, Jyue » -0.450012, gs » 0.536505, gsu -~ 0.171853}

update seed values

Inj4s1)= @var = o /. sol
yvar = Yo /. sol

298.516

-0.230212

Fourth iteration

In#s3j- CvO = dg c[Yvar, 6] /. & » 6var; (x linearization of dx/dT 1/k )
Cvy =0, c[y, 6var] /. ¥ - yYyvar; (+ linearization of dx/dpsi 1/mpa =*)
Al klh + Av kvh
o —_—

fpesep- Mg = 1
AAv Dv Cve

Al klh + Av kvh Cvy

(* greater than one favors conduction over latent =)
AAlkl Ccve

outasal= 2.73917

Al klh + Av kvh

A Av Dv Cve
0.891892

Al klh + Avkvh Cvy

AAl k1l Cve
oussel= 0.847276

cvy

7. ——
Cve
ouss7)= 0.122588

A Alkl Av Dv CveO

nese= O = 1+
Al klh + Av kvh Al kl + Av Dv Cvy

(* greater than one favors latent over conduction x)
outasgl= 1.57499
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AUl klh + AUV kvh
as9)= MUY =14 —————————  +
A AUV DV CvE
AUl klh + AUV kvh Cvy
—————  —— (* greater than one favors conduction over latent x)
AAUL k1 Ccve

out4s9)= 11.269

A AUl k1 AUv Dv Cve
a60)= TUG = 1+

AUl klh + AUv kvh AUl k1 + AUv Dv Cvy
(*» greater than one favors latent over conduction x)
1.09738

6u[LU] e1[L]

sol = FindRoot [{

6ue 6le
Yl[L] N Yyu[LU] 1 stomalow[yle] 1 stomaup [Jue]

}

’ ’

yle Yue gs gsu
{{60, Gair}, {6ue, Gair}, {6le, Gair}, {yle, Yyrinit},
{yue, yrinitup}, {gs, .3}, {gsu, .3}}, PrecisionGoal » 4]

oues1)= {60 - 298.516, 6ue » 298.536, 6le » 298.409,
Yle » -0.899747, Jue » -0.450012, gs - 0.536506, gsu —» 0.171853}

check convergence

évar-6o /. sol

a62- 7.24439 %1077

yvar -yo /. sol

1.31368x10°

Results

n464)= MolFracs =
{(xe - xair), (xue - xair), xe, xue, xair} /. sol (» target at Q160 is .0054 =)

{0.00546984, 0.00581404, 0.031625, 0.0319692, 0.0261552}

n4esi- Temps = {@air, 6sur, Oue, 6o, Ole, Ole-Oair} /. sol

{298.15, 298.15, 298.536, 298.516, 298.409, 0.259177}

Potentials = {yr, Yo, Yyue, yle} /. sol

{-0.2, -0.230212, -0.450012, -0.899747}

gs /. sol (x target at Q160 is .7 %)

0.536506

n46e- gsu /. sol

0.171853

"

=1, SRsun == gsu +qru + qrl + gsl + A Jtran + A UJtran,

Outf469]=

Outf474)=

M

In[480}:=

Out{480)=

In[481]

out481}=

Out(482}
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totalgs =gs+gsu /. sol
0.708359

Fluxes

qsu /. sol (x*Sensible flux upperx)

13.9944

qru /. sol (xRadiative flux uppersx)

2.23337

qsl /. sol (xSensible flux lowersx)

9.39029

qrl /. sol (xRadiative flux lowerx)

1.49765

latentlow = A Jtran /. sol
93.6814

latentup = AUJtran /. sol
39.2029

totallatent = latentlow + latentup

132.884

tranlow = Jtran /. sol (* target at Q160 is

0.00212988

tranup = UJtran /. sol

0.000891293

totaltran = tranlow + tranup

0.00302118

atching Q160

totaltran (* expect about .0031 *)

0.00302118

blMFdrop = totaltran/2.84
0.00106379

xsurf = xair + blMFdrop (* app mol frac at leaf surface )

0.027219
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in4ss)- appgradientLS = xe - xsurf /. sol (x app MF grad at leaf surf exp .0044 x)

ouaszl- 0.00440604

(xe - xair) 1 -1
in4s4)- appgst = [ ———— - —— /. sol(x 0.7 target x)
totaltran 2.84

ouss4)= 0.68569

Evaporation distribution percent of totals

-Alkl O, y1l[x] /. x> L
inj485)- Liquidtolower = /. sol (* eqn 1.41 x)
Jtran + UJtran

outassl= 0.199635

-AULKL &, yU[x] /. x > LU

inj4ss]- Liquidtoupper = /. sol (x eqn 1.41 x)

Jtran +UJtran
outasel- 0.242932

n4e7:- VaportoLower =

(-AvDVCVYy (Ox Y1l[x] /. x> L) - AvDVCVO (0, 61[x] /. x> L)) / (Jtran+UJtran) /.

sol

oues7)= 0.50535

(Jtran +UJtran) /. sol

VaportoUpper = (-AUVDvV Cv§ ( 9y YU[x] /. x - LU) -AUVDVCVO (O 6U[X] /. x> LU)) /[

(*Sum of VaportoUpper and VaportoLower is given by eqn 1.44)

n4esi= (Liquidtolower + Liquidtoupper + VaportoLower + VaportoUpper)

0.947917 + VaportoUpper

Condensation on lower epidermis if following is larger than one:

(gsl +qrl) AAv Dv Cve

/. sol (* eqn 1.42 )

JtranA Al klh+Av kvh
0.130311

Condensation on upper epidermis if following is larger than one:

(qsu + qru) A AUV DV CvE
In[490] /. sol (* eqn 1.42 %)
UJtranA AUl klh + AUV kvh

0.0427033

o

Leaf water potential and apparent conductance

1 L
LowerAvgPotential = — J- Yl[x] dx /. sol
L Jo

ousst)- -0.576046

12 \ Sunflower model part 1.nb

1 LU
ini402- UpperAvgPotential = —j Yu[x] dx /. sol
LU Jo

ouaoz)= —0.346164

493]:

L LowerAvgPotential + LU UpperAvgPotential

LWP =

ou4e3= -0.461105

o

(* eqn 1.45 x)
L +LU

Naive view of gradients

Jtran

Kleaf =

/. sol (*x Apparent conductance, mol m-2 s-1 MPa-1lx)

yr - LWP
outjas4)= 0.00815719

Analysis

{495}

n[495]:=

o

In[498)

n[500]:

500}

Analyze proportion peristomatal at Lower Epidermis

-Alkl 8, y1[x] /. x> L

ProportionPeristomatal = /. sol
Jtran +UJtran
0.199635
- (gsl +qrl) A Av Dv Cve Av Dv Cvy\ !
PropPeri = + (1 + + ] /. sol
oY Jtran A Al klh + Av kvh Al kl
0.283177

- (gsl +qrl) ,

Iy Jtran A
-0.04243

A Av Dv Cve AvDvCvy -t

1+ +
Al k1lh + Av kvh Alkl

0.325607

/. sol

Evaporation in lower

Alklyl''[x]L

ProportionEvaporationLower = —  — — /. sol

0.0439569

oL
Y A Jtran
0.0623516

Jtran + UJtran

/. sol (xintegrating evap 2nd derv over L )
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Analyze evaporation in upper part of leaf Plots

AUl K1 YU ' ' [x] LU .
ns01- ProportionEvaporationUpper = —  — /. so. i
Jtran + UJtran Lower Potential

ousor)= 0.096162 In[s

psiL = y1[x] /. sol /. x> LX

[ 2
ins021- VaportoUpperEpidermis = X
(-AUV DV Cvj (85 YU[x] /. x - LU) -AUVDVCVO (0 6U[x] /. x> LU)) / ousrii: ~0.230212 -0.603134 X + 0. 132802 | ~X+ -
(Jtran + UJtran) /. sol
ous02)= 0.0520832 Plot[psiL, {X, 0, 1}]
-AUl k1l 94 yU[x] /. x> LU
ins0s- LiquidtoUpperEpidermis = /. sol -03p
Jtran +UJtran
outs0z= 0.242932 -04r
A1 03
In[504]: — (-AUVDv Cvy (Ox YU[x] /. x> LU) -AUVDVCVO (95 O6U[x] /. x> LU)) /. sol P
QULU 1 s o ob
ousoa- 0.0480628
~07F
A 1
n505)= —————— — (~AUV DV Cv¥ ( Ox YU[xX] /. X - LU) -AUVDVCVO (95 6U[x] /. x> LU)) /. sol -081
qsu+qru 1
ousos- 0.426494 02 04 05 s
o= qru /. sol .
2.23337 Upper Potential
Out[506]= 2
51 psilU = YyU[x] /. sol /. x> LUX
. %2
Perivascular vapor ousig= -0.230212-0.183485X+0.0726306 |-X + —]
2
ns07:= VaporFluxintoLower =
(—AI DvCvy (Ox Yyl[x] /. x> 0) - AVvDVCVO (94 61[x] /. x> 0)) / (Jtran+UJtran) /. s Plot[psil, {X, 0, 1}]
so.
07- 0.461393
~0251
ns08:= VaporFluxintoUpper =
(-AUVDvVCVY (05 YU[x] /. x> 0) - AUVDVCVO (O, 6U[x] /. x>0)) / _o30k
(Jtran + UJtran) /. sol
ousogl- —0.0440788
Out[514]= N
-035|
ns09- PerivascularEvap = VaporFluxintoLower +VaporFluxintoUpper
ousos- 0.417314 —oaok
ins10)- ProportionPeristomatal + PerivascularEvap + ProportionEvaporationUpper +
LiquidtoUpperEpidermis + ProportionEvaporationLower (* Check=1 x) 0‘7 0‘4 0‘6 o‘x

outsto 1.



In[515)

In[516}

Outi516]=

In[517]:=

Out[517]

In[518]:=

Outf518]=

Lower Thermal

thetaL =61[x] /. sol /. x> LX

XZ
298.516 - 0.12308 X + 0.0334171 |X - ]
2
Plot[thetal, (X, 0, 1}]
298.50 -
29848 |-
298.46
20844 -
29842
0.2 0.4 0.6 08 1.0
Upper Thermal
thetaU = 6U[x] /. sol /. x> LUX
—
298.516 - 0.0587283 X + 0.158864 |X - —

Plot[thetaU, {X, 0, 1}]

298.545

298.540

298.535

298.530

298525

298.520

Upper Vapor Concentration

nsiep- eU= e[y, 8] /. ¥ > psiU /. 6 - thetaU;

Sunflower model part 1.nb

16 \ Sunflower model part 1.nb

In[520]:=

Out[520}

In[523]:=

Plot[cU, {X, 0, 1}]

003201 -

0.03200

003199 -

003198 -

Lower Vapor Concentration

cL=c[¢y, 8] /. y > psiL /. 6 -» thetal;

Plot[cL, {X, 0, 1}]

003195
003190
003185
003180
003175 F
003170

003165

Whole leaf vapor

Show[Plot[cU /. X>» -z, {2z, 0, -1}], Plot[cL,

— 00320

{x,0,1}],

-10 05

003191

00318

00317

05

PlotRange - All]
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o528~ potential = Table[0, {Length[position]}];
Whole leaf temperature vapor = Table[0, {Length[position]}];

temperature = Table[0, {Length[position]}];
ns24- Show[Plot[thetaU /. X - -z, {z, 0, -1}], Plot[thetaL, {X, 0, 1}], PlotRange - All]

- _ Do [
— T s If[ NonNegative[position[[i]]], potential[[i]] =psiL /. X - position[[i]],
\ potential[[i]] = psiU /. X - -position[[i]]],
I I 28RL I I {i, Length[position]}]
-10 -05 05 10 Do[
20850 i iti i
If[ NonNegative[position[[i]]],
outszin 20848 vapor[[i]] =cL /. X - position[[i]], vapor[[i]] =cU /. X -position[[i]]],
{i, Length[position]}]
208.46 - Do[
If[ NonNegative[position[[i]]], temperature[[i]] = thetaL /. X » position[[i]],
20844 temperature[[i]] = thetaU /. X > -position[[i]]],
{i, Length[position]}]
20842 Do[
I1f[ NonNegative[position[[i]]],

outpos[[i]] = Lxposition[[i]], outpos[[i]] = LU« position[[i]]],
) {i, Length[position]}]
Whole leaf potential
ns25- opdata = Transpose [ {outpos, potential}];
n525- Show[Plot[psiU /. X- -z, {z, 0, -1}], Plot[psiL, {X, 0, 1}],

ListPlot[{{0, yr}, {0, yo /. sol}}, Joined - True], nssel- otdata = Transpose[{outpos, temperature}];
AxesOrigin - {-1.1, yle /. sol}, PlotRange - All] weon ocdata = Transpose[ {outpos, vaper}] ;
“0ak | = ’ i
_— insse)- ListPlot [opdata, Joined - True]
~03F _—
o // / 3
°F o —04fF
L -05F
0L Out[538] o6k
~08F ~07F
. . . .
-10 -0.5 00 05 10 -08F
. . .
EXPOI’T PIOt data ~0.0002 ~0.0001 0.0001 00002

n526)- position = Range[-1, 1, .01];

s27- outpos = Table[0, {Length[position]}];



ins3e)- ListPlot[ocdata, Joined - True]

_

om0}
00319
Out[539}

00318 -

00317

L L L
—0.0002 —0.0001 0.0001 0.0002

ins40)- ListPlot[otdata, Joined - True]

298.50

Out[540}= 2848
20846

29844

29842

By e 00001 00002
ins41]- SetDirectory[ToFileName [NotebookDirectory[]]];
insa2)= (*outfile="sunflower_160_"x*)
ns43)- (*xExport [outfile<>"potential.xls",opdata]x)
nsaa)= (*Export [outfile<>"vapor.xls",ocdata] )

ins4s)- (*Export [outfile<>"temperature.xls", otdata]*)

Sunflower model part 1.nb | 19

Full

mirror illumination of a leaf in gas exchange cuvette

Remove [ "Global  %"]

Temperature

In[547]:

o

(547}

n[548]:=

o

[548)=

Gairbase = 273.15 + 25
(* air temp preserves true mol fraction if change air temp in cuvettex)

298.15

Gair = 273.15+ 25- .4(* air temp actual after temp corr )

297.75

6sur = Gair; (» for cuvettes x)

Soil dependance of yr

550]

n[551]:

Ys = -.2 ; (* stem potential from cov'd leaf in mpa *)

yr = ys;

Other Environmental parameters

n[552]:=

n[553]:=

In[559]:

Out(s59}

In[560):=

Out[560}=

R = 8.3145; (*gas constant Joules per mole per Kelvinx)

Patm = 1.013 x 10”5 ; (xatm pressure in Pax)

R298.15 44000 (1 1
xa[rh_, 6_] :=rh (1.28 Exp[— ( ]])
R

Patm 6 298.15

RH = .835;
xair = xa[RH, Gairbase] ; (* chamber mol fraction #)
xsat = xa[l, eairbase] ; (* chamber mol fraction x)

SRsun = 200;

Physical quantities
Po=1.28 R298.15 * 10" (-6) (*» ref vapor pressure MPa *)

0.00317308

Pa = Patm* 10"-6 (x atm pressure in MPax)

0.1013
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R298.15 44000 (1 1
et e[y_, ©_] = 1.28 Exp[— ( - ]]
Patm R 6 298.15

(¢ + Pa - Po) 18.07
i T a—

nse2- CvO = 8g c[Yyvar, 6] /. 6 » 6var (* linearization of dx/dT 1/k =)
Cvy =0, c[y, 6var] /. ¥ - yYyvar (x linearization of dx/dpsi 1l/mpa x)

5291.96 (0.00335402, |, 22722 0098269 ver) (5291.96  2.17331 (0.0981269 + yvar)

ovar | ovar

] (*mol fraction for psi in MPax)

ousez)= 0.0313236 e

\ evar? ovar?

1| 2.17331 (0.0981269 - yvar)
5291.96 (-0.00335402+ — | 4 DTN
0.0680759 e \ evar |

ovar

inse4l= A = 44000 - 43 (6var - 298.15) (* Joules per Molx)
ouse4- 44 000 - 43 (-298.15 + Ovar)
Patm

Insesl= DV = ——— 2.13 * (
ROvar

evar |18
—] *10" (-5);
273.15

(* cDv for mol frac drving force out of leaf )

kvh = .026; (* heat cond air J m-2 s-1 K-1x%)

- 0=5.670373 %10" (-8); (*stefan boltzmann J/m2/s/kelvin-4 =)

nsesi= F = 1; (*view factor radiative from leafs)

Leaf parameters

€l =0.96 (» emissivity leaf x)

0.96

ms701= al = €l (+ long wave abs leaf x)
outs70)= 0.96
ns71= Al = .25

Av =1-Al1;

73- AUL = .8;
AUv = 1 -AUL;

is75= L= 200 x 10~ (=6) ; (%¥-20 10” (-6) *)
ins761= LU = 200 x 10~ (-6) ;
Check whole leaf air fraction

LAv + LUAUV
n577)- —————————— (*vol weighted area fractions )
L + LU

outs5771= 0.5

ns78)- k1h = .2; (» heat cond tissuex)

nsesj= gbl =

setl= x[¥_, 6_]1 :=1.28

Sunflower model part 2.nb

ns79- k1 =1x10" (-6); (* hyd cond tissue x)

nse0 - HA = (0.1); (#mol/m2/s/MPa )

Absorbed radiation

581= @ =0.1%*SRsun /L ; (* w m-3 volumetric heat source,

.2 is fraction of total abs solar rad abs in spongy *)

nssz)= QU = 0.9 * SRsun / LU;

900000.

Description of fluxes and relations to env parameters

oair |1-8 ~
2.13*(273_15) %10* (-5) Patm

; (* c(tair)Dv(Tair),
R6air

boundary layer molar conductivity =*)

i 1.8
2.13*( fair ) %10* (-5) Patm

273.15
ssa- & = /1.42;

Roair

1s851- gbl / &
ases- 1.42

sl (xdelta is from licor 1.42 mol/m2/s g_bw, d=DvxC_a/g_bw, C_a=40.49 mol/m3%)

kvh
s87:- gsl = —— (Ole - Bair) ;
)
kvh
nssel- gSu = —— (Oue - Bair) ;

nseol- qrl = oel ele*-Fal (o esur");

ns90)= gru = o€l oue’-Fal (o esur");

R298.15
E

44000 (1 1 ]] [(z[HPa—Po) 18.07

Patm xp[— ] B 298.15 R 6 ]

(xfor psi in MPax)

ns21- xe = x[yle, 6le];

ns9z= xue = x [Yue, Oue];

1 s \!
nse4= Jtran = [ — + —— (xe - xair);
gs gbl
1 s\t
asesi= UJtran = [ + ] (xue - xair);
gsu gbl

3
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ns96)= Yo = Yr - (Jtran + UJtran) / HA;

Stomatal set points

nse7:- stomalow[ps_] := 0.5363540283333067" + (ps+.9) .6 (*x gs max 1.2 x)

nso8- Stomaup [psu_] := 0.17186009317252962" + (psu+0.45) .6

Initial values

nsog)= Yrinit = -.9;

noo}= Yrinitup = - .45;

ne01)= Ovar = fair; (* Oair )
yvar = yrinit; (* yr *)

First iteration

Al klh + Av kvh
neos= MY = 1 4 ——m ———

AAv Dv Cve

Al klh + Av kvh Cvy
———————— —— (* greater than one favors conduction over latent )

AALl k1l Ccve
603)- 2.77846
A Alkl Av Dv Cve
neo4= MO = 1+

Al klh + Av kvh Al kl + Av Dv Cvy
(* greater than one favors latent over conduction %)

oueoal= 1.56228

AUl klh + AUV kvh
aeosi= MUY = 1 4 ———————

A AUV Dv CvE

AUl klh + AUv kvh Cvy
—————————— —— (* greater than one favors conduction over latent %)

AAUL k1 Ccve
11.727

AAUL k1 AUV Dv Cve

nue = 1+

AUl k1lh + AUv kvh AUl k1 + AUv Dv Cvy
(* greater than one favors latent over conduction #*)

oueosl= 1.09322

Global energy conservation

n6o7- SRsun == gsu + qru + grl + gsl + A Jtran + A UJtran;

Sunflower model part 2.nb \

Solution lower thermal field

x2? b3 [+] 1.2
neos= OL[x_] =60+ |-—— 4 — | — +
212 L ) me (Al klh+Av kvh)

(gsl+qrl) L AAlkl JtranL 1

x
16 (Al klh +Avkvh) 16 (Alklh+Avkvh) (Alkl+AvDvCvy) ) L

Solution upper thermal field

x2 x QU LU?
ieooj- OU[X_] = 60+ | - | — .
2LU? LU) nUe (AUl klh + AUv kvh)
(qsu + qru) LU A AUl kl UJtran LU 1 x
U6 (AUL klh + AUv kvh)  TU6 (AUL klh + AUV kvh) (AUL k1 + AUv Dv Cvy) ) LU
Solution upper potential field
Yu[x_] :=
v x? x QU Lu? ( (gsu + qru) LU UJtranLU AUl klh+AUvkvh ) x
0 + -— + - —
2LU?2 LU | MUY AULKL A MUY AUL kLA  TUYAULKLA AUV DV Cve LU
Solution lower potential field
x?2  x Q12 (gsl+qrl) L JtranL Alklh+Avkvh ) x
nei1= YL[x_] 1= Yo+ - = - bl
212 L/ mpALklA nyAlklA TyAlklA  AvDvCve L

Solve system

U [LU] el[L]
sol = FindRoot [{— , —— =1, SRsun == gqsu + qru +qrl + gsl + A Jtran + A UJtran,
6ue 6le
Y1l[L] Yyu[LU] stomalow[yle] stomaup [Jue] 1}
Yyle o Yue o gs B gsu B !

{{60, Gair}, {6ue, Gair}, {Ole, Gair}, {Yle, Yyrinit},
{Yue, yrinitup}, {gs, .3}, {gsu, .3}}, PrecisionGoal - 4]

{60 - 298.552, bue - 298.572, 6le - 298.406,
Yle » -0.839312, Jue » -0.452081, gs - 0.572767, gsu - 0.170612}

update seed values

neis- evar = 6o /. sol
yvar = Yo /. sol

ousizl- 298.552

ouei4= -0.231317

5
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Second iteration

Cve = 9g c[yvar, 8] /. 6 6var (* linearization of dx/dT 1/k =)
Cvy =0, c[y, 6var] /. ¥ - yYyvar (x» linearization of dx/dpsi 1l/mpa x)

0.00190297

0.00023331

Al klh + Av kvh
et7)= M = 1 4 ————————— 4
AAv Dv Cve

Al klh + Av kvh Cvy
———————— —— (* greater than one favors conduction over latent x)

AAl k1l Ccve
171- 2.73754
A Alkl Av Dv Cve
neter= MO = 1+

Al klh + Av kvh Al kl + Av Dv Cvy
(* greater than one favors latent over conduction %)

1.57553

AUl klh + AUV kvh
aptoy- MUY = 1 4 ———————— 4
A AUV Dv CVE
AUl klh + AUV kvh Cvy
—————————— —— (% greater than one favors conduction over latent %)
AAUL k1 Cve

619 11.2499

AAUL k1 AUv Dv Cve
w20~ TUG = 1+

AUl klh + AUv kvh AUl k1 + AUv Dv Cvy
(* greater than one favors latent over conduction %)

- 1.09756
eu[LU] 61[L]
s621= sol = FindRoot [{ ———— =1, —— =1, SRsun == gsu +qru+qrl +gsl + A Jtran + A UJtran,
6ue 6le
Yyl[L] YU [LU] stomalow[yle] stomaup [Yue] }
—_— == = =1 =1
yle ! Yue ! gs ! gsu !

{{60, Gair}, {6ue, Gair}, {Ole, Gair}, {Yle, Yrinit},
{Yue, yrinitup}, {gs, .3}, {gsu, .3}}, PrecisionGoal » 4]

oute2il= {60 - 298.541, bue - 298.561, Ole —» 298.398,
Yle » -0.822721, yue > -0.451833, gs » 0.582721, gsu > 0.17076}

update seed values

ne22)- var = 6o /. sol
yvar = Yo /. sol
298.541

-0.231522

Sunflower model part 2.nb

Third iteration

Cve = 9g c[yvar, 8] /. 6 6var (* linearization of dx/dT 1/k =)
Cvy =0, c[y, 6var] /. ¥ - yYyvar (x linearization of dx/dpsi l/mpa x)

0.00190181

0.000233159

Al klh + Av kvh
neze)= M = 14 ——————— 4+
AAv Dv Cve

Al klh + Av kvh Cvy
———————— —— (* greater than one favors conduction over latent x)

AAl k1l Ccve
2.73806
A Alkl Av Dv Cve
ne27)= MO = 1+

Al klh + Av kvh Al kl + Av Dv Cvy
(* greater than one favors latent over conduction %)

1.57536

AUl klh + AUV kvh
neog= MUY =14 ——————————— +
A AUV Dv CvE
AUl klh + AUV kvh Cvy
——————————— —— (% greater than one favors conduction over latent %)
AAUL k1 Cve

11.256

AAUL k1 AUv Dv Cve

nezo)= MUG = 1+

AUl klh + AUv kvh AUl k1 + AUv Dv Cvy
(* greater than one favors latent over conduction %)

9- 1.0975
eu[LU] 61[L]
s630)= sol = FindRoot [{ ———— =1, —— =1, SRsun == gsu +qru+qrl +gsl + A Jtran + A UJtran,
6ue 6le
Yyl[L] YU [LU] stomalow[yle] stomaup [Yue] }
—_— == = =1 =1
yle ! Yue ! gs ! gsu !

{{60, Gair}, {6ue, Gair}, {Ole, Gair}, {Yle, Yrinit},
{Yue, yrinitup}, {gs, .3}, {gsu, .3}}, PrecisionGoal - 4]

oueso)- {60 - 298.541, 6ue —» 298.561, 6le - 298.398,
Yle » -0.822938, Yyue » -0.451836, gs » 0.582591, gsu > 0.170758}

update seed values

ne3i= evar = 6o /. sol
yvar = Yo /. sol

298.541

-0.23152

7
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Fourth iteration

Out[635}

636}

2
i

n[640]:=

n(641]:=

1)

nue = 1+

Cve = 9g c[yvar, 8] /. 6 6var (* linearization of dx/dT 1/k =)
Cvy =0, c[y, 6var] /. ¥ - yYyvar (x» linearization of dx/dpsi 1l/mpa x)

0.00190182

0.000233161

Al klh + Av kvh

=1+ —+

AAv Dv Cve

Al klh + Av kvh Cvy
———————— —— (* greater than one favors conduction over latent x)
AAl k1l Ccve

2.73805

Al klh + Av kvh

A Av Dv Cve
0.890682

Al klh + Av kvh Cvy

AAl k1l Ccve
0.847368
cvy
Cve
0.122599
A Alkl Av Dv Cve

Al klh + Av kvh Al kl + Av Dv Cvy
(* greater than one favors latent over conduction %)
1.57536

AUl klh + AUV kvh

my =1+ — 4+

A AUV Dv CvE
AUl klh + AUv kvh Cvy

—— (* greater than one favors conduction over latent %)

AAUL k1 Cve
11.2559

AAUL k1 AUV Dv Cve

AUl klh + AUv kvh AUl k1 + AUv Dv Cvy
(* greater than one favors latent over conduction %)
1.0975

Sunflower model part 2.nb

eU[LU] 61[L]
642/~ sol = FindRoot [{— =1, == 1, SRsun == gqsu + qru + gqrl + gsl + A Jtran + A UJtran,
6ue 6le
Yl[L] Yyu[LU] stomalow[yle] stomaup [Jue]
L, =1, =1, 1}
Yyle Yue gs gsu

{{60, Gair}, {6ue, Gair}, {6le, Gair}, {yYle, Yyrinit},
{Yue, yrinitup}, {gs, .3}, {gsu, .3}}, PrecisionGoal » 4]

oufez)= {60 - 298.541, 6ue » 298.561, 6le > 298.398,
Yle » -0.822936, Jyue » -0.451836, gs - 0.582593, gsu - 0.170758}

check convergence

évar -6o /. sol

1.92132x10°¢

4= Yvar -Yo /. sol

outes- 3.44654 x 1078

Results

MolFracs =

{(xe - xair), (xue - xair), xe, xue, xair} /. sol (* target at Q160 is .0054 )

ouessl- {0.00546716, 0.0058614, 0.0316224, 0.0320166, 0.0261552}

w646}~ Temps = {€air, 6sur, Oue, 6o, Ole, Ole-0Oair} /. sol

(297.75, 297.75, 298.561, 298.541, 298.398, 0.648344}

ne+7)- Potentials = {yr, Yo, yue, Yyle} /. sol

- {-0.2, -0.23152, -0.451836, -0.822936}

gs /. sol (x target at Q160 is .7 %)

|- 0.582593

Outls

519- gsu /. sol

0.170758

ss0- totalgs =gs+gsu /. sol
650 0.753351

Fluxes

nesi- qsu /. sol (xSensible flux uppers)

ouesil= 29.4297
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ineszj= gru /. sol (xRadiative flux upperx) ) ) ) )
ouso 4.68284 Evaporation distribution percent of totals

ALkl o, y1[x] /. x> L

- qsl /. sol (*xSensible flux lowersx) inessl- Liquidtolower = /. sol
Jtran + UJtran

ouessl= 23.5155

In[653

ouesel= 0.16129

nesa= qrl /. sol (xRadiative flux lowerx) _AUL KL O, yU[x] /. X LU
6541 ine71- Liquidtoupper = /. sol
cuiesi= 373871 Jtran +UJtran

uiee7= 0.22191
latentlow = A Jtran /. sol outee7i= 0 o18
99.3367 insesi- VaportoLower =
(-AvDVCvYy (Ox ¥1l[x] /. x>L) - AvDVCVO (04 61[x] /. x> L)) / (Jtran+UJtran) /.
nesel- latentup = AUJtran /. sol sol
ouesel= 39.2965 ouesel= 0.555253

nes7- totallatent = latentlow + latentup In[6 VaportoUpper = (-AUVDV Cv{ ( 9y yU[x] /. X > LU) -AUVDVCVO (O, 6U[X] /. x> LU)) /
(Jtran +UJdtran) /. sol

669)- 0.061539

oues7)= 138.633

}- tranlow = Jtran /. sol (x» target at Q160 is .003 =)

ne70;= (Liquidtolower + Liquidtoupper + VaportoLower + VaportoUpper)
ouesel- 0.00225851

oute70}= 1
inesel- tranup = UJtran /. sol
- 0.000893443 Condensation on lower epidermis if following is larger than one:
totaltran = tranlow + tranup (gqsl +qrl) A Av Dv Cve , .
In671]:= . so.
outeso)- 0.00315196 Jtran A Al klh + Av kvh
outeri- 0.308036

Matching Q160
Condensation on upper epidermis if following is larger than one:
neeil- totaltran (* expect about .0031 *)

Su + qru A AUV Dv CvO
outsst- 0.00315196 e (q qru)

sol

UJtranA AUl klh + AUV kvh
nee2;- blMFdrop = totaltran/ 2.84 outs72)= 0.0896749
0.00110984

. Leaf water potential and apparent conductance
nessi= xsurf = xair + blMFdrop (* app mol frac at leaf surface x)

ouessl= 0.027265

1
LowerAvgPotential = — j Yl[x] dx /. sol
L Jo

ine64) - appgradientLS = xe - xsurf /. sol (x app MF grad at leaf surf exp .0044 x)

-0.541067
0.00435732
1
" in74)- UpperAvgPotential = — Yyu[x] dx /. sol
(xe - xair) 1\ Lix 0.7 LU Jo
n[665]:= ts | —— - —— . .
nee appgs totaltran 2.84 /e sollx ) oute74= ~0.349253

ouessl= 04723371
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L LowerAvgPotential + LU UpperAvgPotential

nj675)= LWP =
L+LU

ouersl= —0.44516

Naive view of gradients

Jtran
ne76- Kleaf = ——— /. sol (» Apparent conductance, mol m-2 s-1 MPa-1x)
Yr - LWP

0.00921241

Analysis

Analyze proportion peristomatal at Lower Epidermis

-Alkl 8, ¥1[x] /. x> L
ProportionPeristomatal = /. sol
Jtran +UJtran

0.16129

/. sol

- (gsl +qrl) A Av Dv Cve Av Dv Cvyr) !
n678)- PropPeri = + ( ]

+ +
Y Jtran A Al klh + Av kvh Al k1l
oute7el= 0.225094

- (gsl +qrl)
_— sol

My Jtran A
-0.100204

A Av Dv Cve AvDvCvy )t

infeso):= | 1 /. sol

+ +
Al klh + Av kvh Alkl
outesoj= 0.325298

Evaporation in lower

Alklyl''[x]L
nesi- ProportionEvaporationLower = —— /. sol
Jtran + UJtran

ouesil= 0.0526892
oL
injgszj = ———— /. sol (xintegrating evap 2nd derv over L )
My A Jtran
oueszl= 0.0735324

Sunflower model part 2.nb | 13

Analyze evaporation in upper part of leaf

AUl K1 YU ' ' [x] LU
iness)- ProportionEvaporationUpper = —  — /. sol
Jtran + UJtran

0.115352

VaportoUpperEpidermis =
(-AUVDV Cvy (O YyU[X] /. X > LU) -AUVDVCVO (0, 6U[Xx] /. x> LU)) /
(Jtran + UJtran) /. sol

0.061539

-AUl k1l 94 yU[x] /. x> LU
iness)- LiquidtoUpperEpidermis = /. sol
Jtran +UJtran

0.221918

A 1
— (-AUVDvV Cv{y (Ox YU[x] /. x> LU) -AUVDVCVO (95 OU[x] /. x> LU)) /. sol
QULU 1

0.0473963

A

1
In687)- —————— — (~AUV DV Cv¥ ( Oy YU[x] /. x> LU) -AUVDVCVO (04 6U[x] /. x> LU)) /. sol

qsu+qru 1
- 0.250094

neesl= qru /. sol

outieesl= 4.68284

Perivascular vapor

neeoi- VaporFluxintoLower =
(-AvDVCVY (Ox Yl[x] /. x> 0) - AvDVCVO (O 61[x] /. x> 0)) / (Jtran+UJtran)
sol

0.502564

neeoj= VaporFluxintoUpper =
(-AUVDvVCVY (Ox YU[x] /. x> 0) - AUVDVCVO (O, 6U[x] /. x>0)) /
(Jtran + UJtran) /. sol

690~ —0.0538129

neoi- PerivascularEvap = VaporFluxintoLower +VaporFluxintoUpper

oueet)= 0.448751

ProportionPeristomatal + PerivascularEvap + ProportionEvaporationUpper +
LiquidtoUpperEpidermis + ProportionEvaporationLower (* Check=1 x)

1.

/.
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Plots

Lower Potential

psiL = y1[x] /. sol /. x> LX

XZ
oufees)= -0.23152-0.508379X+0.166074 |-X+ —
2
ineo4)- Plot[psil, {X, 0, 1}]
~03fF
~04f
“osl
~06F
~07F
081 L L L L L
02 04 06 08 10
Upper Potential
neosi- psiU = YyU[x] /. sol /. x - LUX
%2
-0.23152-0.174869 X+ 0.0908961 |-X + 7]
2
Plot[psiU, {X, 0, 1}]
~025F
~030F
Outle9sl= _ 35
~0401
02 04 06 08 10

Out{698]=

In[700}

Out[700}=

In[701):=

Lower Thermal

thetaL =61[x] /. sol /. x> LX

XZ
298.541 - 0.163205X + 0.0417616 |X -
Plot[thetaL, {X, 0, 1}]
298.54
298.52
298.50
29848 -
298.46
29844
20842
02 04 0.6 08 10
Upper Thermal
thetaU =6U[x] /. sol /. x> LUX
X2
298.541 - 0.0785445X + 0.198557 |X - ]
2

Plot[thetaU, {X, 0, 1}]
298.575
298.570
298.565
298.560
298.555
298.550

298.545

Upper Vapor Concentration

cU=c[y,0] /. ¥ psiU /. 6 - thetaU;

Sunflower model part 2.nb
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In[702):=

out[702)=

In[703):=

In[704]

Outl704]=

Out[705)=

Plot[cU, {X, 0, 1}]

0.03206

0.03205

0.03204

0.03203

003202

Lower Vapor Concentration
cL=c[¢¥,8] /. ¥ psiL /. 6 - thetal;

Plot[cL, {X, 0, 1}]

00320 -
00319
00318 -

00317

Whole leaf vapor

show[Plot[cU /. X > -z, {z, 0, -1}], Plot[cL, {X, 0, 1}], PlotRange - All]

/

L
-10 -0.5 r 05 10

00319

00318

00317~

Whole leaf temperature

Sunflower model part 2.nb | 17

n706;- Show[Plot[thetaU /. X - -z, {z, 0, -1}], Plot[thetaL, {X, 0, 1}], PlotRange - All]

/

-10

Out[706]=

-05

298.50

29845

298.40

Whole leaf potential

05 10

n707- Show[Plot[psiU /. X- -z, {z, 0, -1}], Plot[psiL, {X, 0, 1}],
ListPlot[{{0, yr}, {0, Yo /. sol}}, Joined - True],
AxesOrigin - {-1.1, yle /. sol}, PlotRange - All]

02k

-10

Export plot data

n70s)- position = Range[-1, 1, .01];

700} outpos = Table[O,

05 10

{Length[position]}];
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n710- potential = Table[0, {Length[position]}];
vapor = Table[0, {Length[position]}];
temperature = Table[0, {Length[position]}];

Do [

n721)- ListPlot [ocdata, Joined - True]

If[ NonNegative[position[[i]]], potential[[i]] =psiL /. X - position[[i]],
potential[[i]] = psiU /. X - -position[[i]]],

{i, Length[position]}]
Do|[
I1f[ NonNegative[position[[i]]],

vapor[[i]] =cL /. X - position[[i]], vapor[[i]]

{i, Length[position]}]
Do[

I1f[ NonNegative[position[[i]]], temperature[[i]]
temperature([[i]] = thetaU /. X > -position[[i]]]

{i, Length[position]}]
Do
I1f[ NonNegative[position[[i]]],

’

out721}

cU /. X-> -position[[i]]],

thetal /. X - position[[i]],

outpos[[i]] = Lxposition[[i]], outpos[[i]] = LU« position[[i]]],

{i, Length[position]}]

- opdata = Transpose[{outpos, potential}];

s- otdata = Transpose[{outpos, temperature}];

9- ocdata = Transpose|[{outpos, vapor}];

n720- ListPlot [opdata, Joined - True]

L L
~0.0002 ~0.0001

L
0.0001

0.0002

out[722=

T

00320 -
00319
00318

00317

L L L
—0.0002 —0.0001 0.0001 0.0002

ListPlot[otdata, Joined - True]

T

298.50

29845

L L L L
~0.0002 ~0.0001 0.0001 0.0002

(*SetDirectory[ToFileName [NotebookDirectory[]]]*)
(xoutfile="sunflower_200TC_"x*)

(*Export [outfile<>"potential.xls", opdata] )
(*Export [outfile<>"vapor.xls", ocdata]*)

(+Export [outfile<>"temperature.xls", otdata]*)
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