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MATLAB
TM

BASED 軟體簡介

TrSimulator.m：蒸散速率 (Tr)
 先算氣孔內外蒸汽壓差(VPD)與蒸氣密度差(VDD)

 其次算水分離開氣孔的阻力 (Rv)，蒸散速率 (Tr = VDD / Rv)

PsSimulator.m：光合作用速率 (Ps)
 先算氣孔內外CO2 濃度差 dCO2

 其次算二氧化碳進入氣孔的阻力 (Rc)，光合速率 (Ps = dCO2 / Rc)

PnSimulator.m：淨光合作用速率(Pn)
 先算 Tr，再算 Ps

 再其次計算暗呼吸 (Rd) 與光呼吸速率 (Rp)

 最終計算淨光合速率 (Pn) 與蒸散效率 (TE = Pn / Tr)



Relationship between stomatal conductance (A), transpiration (B), and photosynthesis in 28 sugarcane genotypes, 

n=360. 



TrSimulator.m



蒸散速率的計算

𝑇𝑟 =
𝑉𝐷𝑙 − 𝑉𝐷𝑎

𝑅𝑣
Tr:  Transpiration rate, mg.m-2.s-1

VDl: Water vapor density in the stomata, mg m-3

VDa:  Water vapor density in the air, mg m-3

Rv: Total resistance, s/m

Rv = Rav + (Rlv + Rlv.inc) 

Rav: Aerodynamic resistance, s/m  (右圖的 rb)

Rlv: Stomata resistance changed by irradiation, s/m (右圖的 rs) 

Rlv.inc: Increment of rs based on CO2 concentration, s/m

下標 l 代表葉片，v 代表水汽，a 代表空氣



影響蒸散的因素

溫度、濕度影響 VPD、VDD、AHD

風速影響邊界層阻力：Rav

影響氣孔行為 (依作物別有不同程度的影響)

–輻射量影響氣孔阻力：Rlv

– CO2濃度影響氣孔阻力：Rlv.inc

– 其他尚未被量化的因素

• 表皮細胞含水量、礦物質

Rv = Rav + Rlv + Rlv.inc

TrSimulator 的參數編輯視窗



風速影響水汽進出氣孔的阻力

邊界層阻力Rav
if Wind >= 1

Rav=100;

else

Rav=200-(Wind*100);

end



光量影響水汽進出氣孔的阻力 Rlv

if radType==1  % high 

radU=1400;radL=300;   

elseif radType==2 % std

radU=1200;radL=200;

else % low

radU=1000;radL=100;

end

if PAR > 80

Rlv = radL;

else

Rlv=radU-PAR*(radU-radL)/80;

end





二氧化碳濃度影響水汽進出氣孔的阻力 Rlv.inc

if cotype == 1              % std

CO2U=2352;  Rlvincmax=400;

else % low

CO2U=2352;  Rlvincmax=200;

end

CO2mgm3=CO2*44/0.0821/(273.15+Ti);

Rlvinc=Rlvincmax;

if CO2mgm3<CO2U

Rlvinc=Rlvincmax*CO2mgm3/CO2U;

end





P V = n R T = (m/M) R T

when P = 1, V = m R T / M

density = m / V = M / (R T)

@0oC = 44/(0.0821*273.15) = 1.96 mg CO2/m
3 air @ 1 TAM

=44/(0.083144*273.15) = 1.9374 @ 1 bar

@20oC = 44/(0.0821*(273.15+20)) = 1.83 mg CO2/m
3 air

1 ppm = 1 m3 CO2/106 m3 air = 1.96 mg/m3 air @ 0oC

= 1.96/density of air = 1.96/1.29 = 1.519 mg/kg@ 0oC 

CO2單位轉換：ppm, mg/m3, mg/kg



TrSimulator.mTrSimulator.m



TrSimulator.m



TrSimulator.m



軟體的貼心設計

•Tr = VDD / Rv.total

• 正常狀態下當 VDD > 0，Tr > 0

– 代表水汽會由氣孔擴散到葉片外

• 特殊狀態下，譬如高濕的環境， VDD < 0

– 雖然上式的計算結果 Tr < 0 但不代表水汽會由葉片外

進入氣孔，此時的Tr 應強制設定為 0

– 代表氣孔可能關閉，此時無蒸散作用發生。



軟體也提供3個表格

VPD = f(Tair , RHair) VDD = f(Tair , RHair)

Tr = f(Tair , RHair)

TrSimulator.m

程式可自動切換到 指令視窗

按 ‘Enter’ 鍵，可顯示下一個表格



按第三次 ‘Enter’，可切換回參數編輯視窗

按 ‘Enter’ 鍵，可顯示下一個表格



for j=1:1:6

rH=20*(j-1);

for i=1:1:41

Tp=i-1;

Psat=0.61078*exp(17.269*Tp/(237.3+Tp));   % vapor pressure in kPa

VDsat=2166*Psat/(273.16+Tp)*1000;            % vapor density in mg/m3

VPD(j,i)=Psat*(1-rH/100);              % in kPa

VDD(j,i)=VDsat*(1-rH/100); % in mg/m3

Tr(j,i)=VDD(j,i)/Rv;  % Rv = 424.24 = f(Wind, PAR, CO2, radType, CO2type)

end  % for i

end % for j

VPD = f(Tair , RHair) VDD = f(Tair , RHair)    Tr = f(Tair , RHair)

MATLAB 原始碼



光合速率
P H O T O S Y N T H E T I C  R A T E

mol m-2 s-1

PsSimulator.m



光合速率

PsSimulator.m



光合速率：1ST WINDOW PsSimulator.m



光合速率：2ND WINDOW PsSimulator.m



光合速率：3RD WINDOW PsSimulator.m



光合速率：4TH WINDOW PsSimulator.m



淨光合速率
N E T  P H O T O S Y N T H E T I C  R A T E

mg m-2 s-1

μmol m-2 s-1

PnSimulator.m



淨光合速率























蒸散效率 TRANSPIRATION EFFICIENCY

TE = Pn / Tr 
in (mg CO2/m

2/s) / (mg Vapor/m2/s)

當 Pn < 0 or Tr = 0, TE = 0



TE: 蒸散效率 = A / E

VPD

A

E



TE: 蒸散效率

pWUE: 

photosynthetic 

Water Use Efficiency

Cloudiness is represented by the ratio of diffuse radiation to total shortwave radiation (r = Rdiff/Rshort).















GTl < 0 → P = 0

heat shock / stress



淨光合速率
N E T  P H O T O S Y N T H E T I C  R A T E

Pn Simulation.xlsx

mg m-2 s-1

μmol m-2 s-1





溫室內24小時的逐時輻射能、二氧化碳與風速



計算水汽進出氣孔的阻力與蒸散速率
• 風速、作物種類、光量、CO2濃度

• Rv.total = Rav + Rlv + Rlv.inc

due to Wind 1 due to light low std high

Rav 100 Rlv Rlv Rlv

Rac 165 100 200 300

Rlc Rlc Rlc

140 280 420

due to CO2 Rlc.inc. Rc=sum of Rac, Rlc, Rlc.inc, in s/m

std 174.31 479.31 619.31 759.31

low 87.15 392.15 532.15 672.15

Rlv.inc. Rv=sum of Rav, Rlv, Rlv.inc, in s/m

std 124.51 324.5 424.5 524.5

low 62.25 262.25 362.25 462.25

Tr=10364.63/424.5 = 24.42

Rv.total=424.5 for std., light and std. CO2 condition
assuming RH=40% VD_40%RH 6.91

assuming Tl=Tair VD_100%RH 17.27 Vps 2.34

as shown in Chap.7 VDD= 10.36 g/m3

10364.63 mg/m3

low std high due to light

Tr=VDD/Rv in g/m3*m/s Due to CO2: low 31.94 24.42 19.76

=g/m2/s Due to CO2: std 39.52 28.61 22.42Due to CO2 low

Due to CO2 std.

400 ppm * 44/(0.0821*(273.15+20)) = 400 * 1.83 = 732 mg/m3



溫室內針對水汽離開氣孔的逐時葉片邊界層阻力、
氣孔阻力、氣孔阻力增量與總阻力



影響CO2進出的氣孔阻力

• 作物型態、風速、光量、CO2濃度

• Rc.total = Rac + Rlc + Rlc.inc

Rlv.CO2 low std high due to light

Due to CO2: low 140 280 420

Due to CO2: std 140 280 420

Rav.CO2 165

Rlv.inc.CO2 low std high due to light

Due to CO2: low 87.2 87.2 87.2

Due to CO2: std 174.3 174.3 174.3

R.total low std high due to light

Due to CO2: low 392.2 532.2 672.2

Due to CO2: std 479.3 619.3 759.3

Rac = 1.65 * Rav

Rlc = 1.4 * Rlv

Rlc.inc = 1.4 * Rlv.inc

Rc.total = 619.3 for std. light and std.  CO2 condition



影響光合作用速率的因子–光量 (PAR)

GI

光合作用有效輻射能

光量(輻射能)係數



影響光合作用速率的因子-CO2濃度

Gc 二氧化碳係數



影響光合作用速率的因子 – 葉片溫度

Outputs

Leaf temp.

T l  ,℃

Optimum leaf

temp. for Pn.,

T m , ℃

Temp. response,

a,℃

Temp.

coefficient,

G Tl

20 25 5 0.91

Inputs

GTl

溫度係數



溫室內24小時的逐時輻射能、二氧化碳與溫度係數

逐時輻射能 (GI@KI = 200 W/m2)、二氧化碳 (Gc@ KC = 440 mg/m3) 與溫度係數 (Gt@Tm = 25 oC, a = 5 oC)

Pn simulation.xlsx



暗呼吸速率

RESPdark = Rd20 * Q10((Tl-20)/10)

= 0.07 * 2 ((Tl-20)/10) 

RESPdark

氣孔阻力 (CO2)
Pn simulation.xlsx



光合速率 P
y = a . 𝑥2 + 𝑏 . 𝑥 + 𝑐

x = 
−𝑏 − 𝑏2−4 𝑎 𝑐

2 𝑎

R.𝑃2 − 𝐶𝑎 + 𝐾𝑐 + 𝑅 𝑃𝑠𝑐 𝑃 + 𝑃𝑠𝑐𝐶𝑎 = 0

𝑃 =
𝐶𝑎+𝐾𝑐+𝑅 𝑃𝑠𝑐 − 𝐶𝑎+𝐾𝑐+𝑅 𝑃𝑠𝑐

2−4 𝑅 𝑃𝑠𝑐𝐶𝑎

2 𝑅

Pn simulation.xlsx



光呼吸速率 RESPphoto

RESPphoto= Kpr * P Kpr = -Kpr.max / Cstop * (Ca - Cstop)

Cstop

Kpr.max



與單位換算 ppm → mg/m3

mg/m3 = ppm * 44.01 / 22.4 * 273/(273+Ta)

Inputs Outputs
Plant Type Temp. (℃) CO2 conc. (ppm) CO2 conc. (mg/m3) Kpr

C3 0 1000 1964.7 0.08

C3 0 1200 2352.7 0

C3 20 1000 1830.6 0.11

C3 20 500 915.3 0.31

C3 10 500 947.7 0.30

C3 0 500 982.4 0.29

C4 0 500 982.4 0

Kpr = -Kpr.max / Cstop * (Ca - Cstop) = -0.5/2352.7 * (Ca – 2352.7)

Kpr計算

1.828

1.96

1.8927

Density = M/(RT) = 44/(0.0821 * (273.15+Ta)



24小時的模擬



PA
R

, W
/m

2

蒸散與太陽能的波鋒有個時間差



31 2

V
P
D

, k
P
a

2.VPDa 3.Transp.

1.RH



蒸散與VPD的波鋒大致吻合



淨光合速率 = 光合速率–暗呼吸–光呼吸

21 3 4

Pn = P - RESPdark - RESPphoto

淨光合速率 Pn

Pn simulation.xlsx



21 3 4

1.暗呼吸

3.光呼吸

4.淨光合速率

2.光合速率

Pn simulation.xlsx



4.淨光合速率

1.光合速率

5.PAR

光合速率VS. PAR 輻射能 Pn simulation.xlsx


