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N U M E R IC A L S IM U L A T IO N O F T H E IN FL U E N C E O F 0 5
,

C O
Z

A N D SPE C T R U M V A R IA T IO N O N T H E PH O T O SY N T H E SIS O F

C R O P C A N O P Y
.

L IU Ji an do
n g (刘建栋)

,

z H O U X i妙 (周秀骥 )

C h in e se A e a d e m y o f M
e te o r o lo g ie a l S e ie n e e s

,

Bc iji
n g 1 0 0 0 8 1

a n d YU Q ia n g (于 强)

In s titu te o f G e o g r a p h ie S eie n ee s a n d R e s o u r ee s R e s e a r e h
,

C h in e se A e a d e m y o f Se ie n e e s
,

B e ijin g 1 0 0 1 0 1

R ee e iv e d Ju n e s
,

2 0 0 3

A BS T R A C T

C o u p le d th e p h o to s yn th e s is w ith tr a n sp ir a tio n a n d a di
u s tm e n t o f s to m a

,

a d yn a m ie e e o lo g ie a l

m o d e l fo r s im u la tin g th e e a n o p y p ho t o sy n th e s is o f w in te r w h e a t w a s e s ta b lis h ed by s e a lin g u p fr o m

th e b io e he m iea l s e a le to ea n o py se a le
,

in w h ie h t h e e ffe et s o f 0 3
,

CO , a n d s o la r s p e e t r u m o n er o P

p ho t o s yn th e s is w e r e fu lly eo n sid e r e d
.

V a lid a tio n o f th e m o d e l a g a in s t th e d a ta m e a s u r e d w ith

C l
一
3 0 lPS p o r t a ble p h o to s y n th e s is a n a ly z e r s h o w e d th a t th e le a f ph o t o s y n th e sis m o d e l p a s se d th e

e o r r e la tio n s ig n ifie a n ee te st a n d ha d a fa irly hig h a e e u r a e y
·

N u m e r ie a l a n a ly s is sh o w e d th a t th e

e a n o p y ph o to s y n th e s is r a te w o u ld b e r e d u e e d by 2 9 % if th e 0 3 e o n e e n tr a t io n in e r e a s e s fr o m 0 p p b v

to 2 0 0 p p bv
,

w h e r e a s th e 。a n o p y p h o t o s yn th e s is r a te w o u ld in e r e a s e b y a bo u t 3 7 % w h ile th e CO :

e o

nc
e n tr a tio n in e r e a s e s fr o m 3 3 0 p p m v t o 6 6 0 p pm v

,

a

nd th e e a n o py p h o to s y n th e s is r a te w o u ld b e

r e d u e e d b y 2 7 %
o r 5 0 u n d e r th e eo n ditio n th a t th e s p e e tr u m eo e ffie ien t e h a n g e d fr o m 0

.

5 to 0
.

4
.

If

th e 0 3 e o n e e n t r a tio n r e a e h e d 2 0 0 p p bv a t n o o n o n th e ty p ie a l s u n n y d a y w it h hig h e r r a d ia tio n th e

e a n o p y ph o t o s y n th es is w ill b e r e d u e e d s lig ht ly in th e s u b u r b a r e a w h e r e th e p o llu tio n 15 se rio u s a n d

th e p h o t o e he m iea l fo g 15 ea sy to b e fo rm e d
,

e o n t r a s t w ith th a t in the e le a r r e g io n a n d r e g a rd les s o f

th e e lim a te e ha n g e
,

d u e to th e fa e t th a t th e p o sit iv e e ffe e t o f C O Z o n e r o p p h o to s yn th e s is e a n n o t

e o m p e n s a te the n e g a tiv e e ffe e t o f 0 3 o n e r o p p ho to s yn th e s is
·

T h e ea n o py p h o t o s yn th e s is w ill be

re d u e e d b y 3 5写
o r 5 0 t ha n th e B A S E v a lu e a t p r e s e n t

,

w he n th e s p e et r u m o f p ho to sy n th e tiC a etiv e

r a dia tio n (PA R ) r e d u e e s t o 0
.

4 o r 5 0
.

K e y w o r d s : 0 3
,

C O : s o la r sP e e tr u m
,

Pho t o s yn th e s is
,

n u m e r ie a l s im u la tio n

1
.

IN T R O D U CT IO N

H u m a n a e t iv it ie s a n d th e q u iek ly d e v e lo p e d in d u s tr y h a v e g r e a tly in flu e n e e d the g lo b al

a tm o sPhe r ie e n v ir o n m e n t
.

T h e C O Z e o n e e n tr a tio n in the a tm o sPh e r e ha s a lr e a d y in e r e a s e d

fr o m (2 7 5士 10 )p p m v b e fo r e in d u s t r ia l r e v o lu t io n to 3 5 0 p p m v a t p r e s e n t
,

a n d th e t r e n d o f

e o n e e n t r a t io n v a r ia t io n 15 s t ill in e r e a sin g s te a d ily (IP CC 1 9 9 5 )
.

In a d d it io n
,

th o u g h th e

s u r fa e e a v e r a g e d 0
3 e o n e e n t r a t io n 15 o n ly a b o u t o一 5 0 p p bv in th e lo w e r a t m o s p h e r e

,

th e

in s t a n ta n e o u s 0
3 e o n e e n tr a tio n e o u ld r e a eh a s h ig h a s 2 0 0 p p b v o r 5 0 a t n o o n o n th e ty p ie al

T h is s tu d y 15 s u p p o r t ed b y t h e N a tio n a l N a tu r a l S e ie n e e F o u n d a t io n o f C h in a u n d e r th e Pr o g r a m

N o
.

4 9 8 9 9 2 7 0 a n d 4 0 2 3 3 0 3 4
.



N o
.

4 L IU J ia n d o n g
,

Z H O之J X iuj i a n d YU Q ia n g 4 2 9

e le a r d a y w ith h ig h e r r a d ia t io n in the s u b u r b r e g io n
,

w h e r e th e p o llu t io n 15 s e r io u s a n d the

p ho t o eh em ie a l fo g 15 e a s y to b e fo r m e d d u e t o the in e r e a s e o f 0
3 in th e lo w e r a tm o s p h e r e

w h ie h r e s u lte d fr o m th e a tm o s p he r ie eh em ie a l r e a e t io n e a u s ed by in d u s t r ia l p o llu t io n

(C h a m e e id e s 1 9 9 4 )
.

T h e r a d ia t io n s p e e t r u m 15 a ls o e h a n g e d w ith the v a r ia t io n o f th e

a tm o s p h e r ie e o m p o n e n t s im u lt a n e o u sly
,

w ith th e in e r e a s e o f g r e e n h o u s e g a s e s r e s u lt in g

fr o m in d u s t r ia l p o llu tio n (B ia n a n d L u 1 9 9 6 )
.

It ha s b e e n w id e ly r e e o g n iz e d b y th e s e ie n t is ts tha t r e d u e tio n o f 0
3 e o n e e n tr a t io n in

th e s tr a t o s p h e r e ha s g r e a t n e g a tiv e effe e t s o n bo th hu m a n b e in g s a n d the te r r e s tr ia l

e e o sys t em s (Z h o u e t a l
.

1 9 9 5 )
.

T h e g r e a t n e g a t iv e e ffe e t s o f 0
3
in e r e a s e in th e lo w e r

a tm o s p h e r e d u e t o in d u s t r ia l p o llu t io n o n th e t e r r e s t r ia l p la n ts a r e a ls o b e in g id e n tifie d

g r a d u a lly (K r u p a 1 9 9 4 ; H e ek a n d A d a m s 1 9 8 3 ; H e ek 1 9 8 4 ; K o b a y a s h i 1 9 9 0 )
·

T he CO
Z is

o n e o f the im p o r t a n t g r e e n h o u s e g a s e s
,

w hieh e o n t r ibu t e s t o the g lo b a l w a r m in g w ith it s

e o n e e n tr a t io n in e r e a sin g a n d th e r efo r e a ffe e ts th e e r o p p h o t o s yn th e sis in d ir e e tly
.

A t th e

s a m e t im e the e ha n g e o f C O Z e o n e e n t r a tio n e a n als o in flu e n e e the e r o p p h o t o s yn the s is

p r o e e s s d ir e e tly
,

b e e a u s e th e C O
Z
it s e lf 15 the s o u r e e o f p h o t o s yn the s is

.

W h a t 15 m o r e
,

th e

v a r ia t io n o f th e s p e e t r u m e a n in flu e n e e the e r o p p ho to sy n th e s is p r o e e s s d ir e e tly
,

s in e e th e

am o u n t o f the p h o t o s yn th e t ie a e t iv e r a d ia t io n (PA R ) in th e g lo b a l r a d ia tio n eh a n g e s w ith

th e s p e e t r u m v a r ia tio n (F e n g a n d T a o 1 9 9 1 )
.

It ha s b e e o m e a n im p o r t a n t ta sk fo r th e

s eie n t is ts to s t u d y th e effe e ts o f the v a r ia t io n o f C O Z
,

0
3 a n d s o la r s p e e t r u m o n e r o p

ph o t o s yn th e s is a n d yie ld w h ie h 15 e o n sid e r e d m o r e a n d m o r e s e r io u sly b y lo ts o f r e s e a r e h

in s t it u t e s a n d g o v e r n m e n t s a ll o v e r the w o r ld
.

L o t s o f p r o g r e s s o n the p o s s ible e ffe e ts o f th e e n h a n e e m e n t o f CO
Z a n d 0

3

e o n e e n t r a t io n a n d the v a r ia t io n o f s Pe e t r u m o n e r o p s h a s be e n a eh ie v e d in th e P r e v io u s

r e s e a r eh
.

H o w e v e r
,

o n ly the s in g le fa e t o r ia l e ffe e t w a s e o n s id e r e d in th e s e s tu d ie s (W
a n g

a n d W
a n g 1 9 9 3 ;

W
a n g e t a l

.

1 9 9 7 :
W

a n g e t a l
.

2 0 0 2 : C u r e 1 9 8 6 )
.

It 15 d iffie u lt to

e o n sid e r the d ir e e t in flu e n e e o f th e g r e e n h o u s e g a s e s
,

s u e h a s C O
Z

,

0
3

,

e te
.

o n e r o p

g r o w th u s in g s ta t is t ie a l a s s e s s m e n t (W
a n g a n d W

a n g 1 9 9 3 )
.

S o m e r e s u lt s ha v e b e e n

o b ta in ed in th e s in g le fa e t o r ia l e x p e r im e n t s b y the T o p O p e n Ch a m b e r (T O P ) (W
a n g e t

al
.

1 9 9 7 ;
W

a n g e t a l
.

2 0 0 2 ; C u r e 1 9 8 6 )
.

H o w e v e r
,

n o r e s e a r e h r e s u lt s ab o u t th e

e o m p o s ite effe e t s o f v a r ia t io n o f 0
3

CO
Z a n d s o la r s p e e tr u m v a r ia tio n o n e r o p

ph o t o s yn th e s is ha v e b e e n r e p o r t e d u n t il n o w
.

C o n s id e r in g the fa e t tha t the e r o p

p h o t o s yn th e s is p r o e e s s 15 s u r ely in flu e n e e d e o m p r e he n siv e ly b y the s e thr e e fa e t o r s
,

n u m e r ie a l m o d e l w ith h ig h e r m e eh a n ism a n d a e e u r a e y w a s e s ta b lish e d in this s t u d y
,

w h ieh

w a s u s e d t o sim u la t e th e e a n o p y p ho t o syn the s is o f w in t e r w h e a t o n th e ele a r d a y
·

S e n sit iv ity a n a lys is w a s a ls o d o n e u s in g th e m o d el to id e n t ify th e d iffe r e n t in flu e n e e o f e a eh

fa e to r o n the e r o p e a n o p y p h o t o s yn th e sis in this s tu d y
.

fl
.

E S T A BL ISH M E N T O F T H E M O D EL

1
.

Ca lc u la t io n

of th 。 材艺‘ro c lim a t。 F a c to r s in th e

Ca
n o Py

(1 ) R a d ia tio n tra n sf石rm
a t io n

T h e d ir e e t s o la r r a d ia t io n s (山)

typ ie a l e le a r d a y e a n b e e x p r e s s e d a s

a n d the s e a t t e r e d r a d ia t io n D (田) a t a g iv e n tim e o n a

(Y u
,

W
a n g e t a l

.

1 9 9 8 : L iu e t a l
.

1 9 9 9 二 L iu e t a l
·



4 3 0 AC T A M E T E O R O L O G ICA S IN ICA V o l
.

1 7

2 0 0 1 )

S (。) = 二 (s in 必s in占+ e o s沪e o s占 e o s。 )
· r

[。
。s in 沪sin 占+ c o s沪e o s a s in 。

。

j
一 ‘ ·

S
,

(1)

D (。) = 二 (sin 必sin 占+ e o s沪e o s占 e o s 。)
· r
〔。

。 sin 必sin 占+ e o s沪e o s舀 sin 。
。

〕
一 ‘D

,

(2 )

w h e r e 必15 th e la tit u d e
,

。 15 th e ho u r a n g le
,

嘶 15 the h o u r a n g le a t s u n s e t t im e
,

w h ie h e a n

b e e x p r e s s e d a s 。。= a r e e o s (一 t g沪t g a)
,

: is the d ay le n g th
,

5 15 the to t a l d a ily d ir e e t s o la r

r a d ia t io n
,

D 15 th e to ta l d a ily s e a t te r e d r a d ia tio n
,

a n d 占 15 the d e e lin a t io n
.

A t th e g iv e n

t im e 田
,

th e d ir e e t Pho t o sy n th e t ie a lly a e t iv e r a d ia t io n 5
.

(田) a n d th e s e a t te r e d D
怪

(田) e a n

b e e x P r e s s ed a s

5
.

(。) = 移 (。 )
,

(3 )

D
’

(田) = 产D (田)
.

(4 )

T h e G fu n e tio n a t s o la r d ir e e t io n n , e a n b e e x P r e s s e d a s

。
, 、

。
, , , 、

1 「
行气n

,
) = 行气九

一

六少 = 二一 l
乙万J

2片d、

丁了
2 9 (、

,

、 , ,
。。S

一 ,
8 ‘·氏d氏

(5 )

w h e r e h 15 th e s o la r a ltit u d e
,

A 15 th e s o la r a z im u th
,

氏 15 the le a f in elin a tio n
,

人 15 th e le a f

a z im u th
,

g (0
:

,

人 ) 15 th e d is t r ibu tio n fu n e t io n o f le a f in elin a tio n
,

n : 15 th e u n it v e e t o r in

th e le a f n o r m a l d ir e e tio n
,

e o s n , n 工
15 th e

CO S ln e
v a lu e o f th e a n g le

d ir e e t io n a n d the le a f n o r m a l d ir e e t io n
.

T he

乙 (L
,

n :

) a n d tha t o f th e s e a t t e r ed r a d ia tio n

G (” )

_ / r 、 _ 一 L , es 卜
乙 LL 一n :

) = e 一 5 1吐
,

t r a n sm is sio n e o effie ie n t

b e tw e e n th e s u n lig h t

o f th e d ir e e t r a d ia tio n

几 (L ) e a n b e e x p r e s s e d a s

、了、尹叹UtlZ‘、了.、

l 「2
才

f

勺 L石 ) ~ 甲二 1 1
兀 J O J

习2

几 (L
, n ) e o s夕sin s dod 价

,

w h e r e r
(L

,

n ) 15 th e t r a n sm is sio n fu n e t io n in the v e e t o r d ir e e t io n d efin e d b y th e in elin a tio n

8 a n d a z im u th 笋
.

T h e d ir e e t PA R r e e eiv e d b y the le a f a t th e le af lay e r fr o m the

a e e u m u la te d le a f a r e a in d e x (L A I) L 一 1 t o L
,

w ith th e le a f in e lin a tio n 氏 a n d le a f a z im u th

人
,

e a n b e e x Pr e s s e d a s

。 . , , . 。 , 、

S
公

(L 一 l
, n ,

)
.

0 LL. 一 1
,

处
,

丸 , - 一一一一二二二下一一一一 IC o s氏n L

5 1 11几

(8 )

A t the t im e th e s o la r a ltitu d e 15 h a n d th e a z im u th is A
,

th e s e a tt e r e d PA R a t h o r iz o n

le v e l in th e a e e u m u la t e d L A I L
,

w h e n o n ly a s in g le s e a t t e r in g p r o e e s s

b e s im u la t e d a e e o r d in g to th e fo llo w in g eq u a t io n

。
, , , 、

。
. , 、 .

Q
’

(。)‘
’

K (e 一KL 一 e 一 L
)

丈少 气石少 = 丈少 气田少Td
~
t

.

一

—
一万一

~
一下厂

—
—1 —

J、

15 e o n sid e r e d
,

e a n

(9 )

w h e r e 。 ’

= (P
’

+ r ’

) / 2
,

P
’

15 the r e fle e t io n e o e ffie ie n t o f PA R r e e e iv e d by the le a v e s
,

a n d

r 朴

15 the t r a n sm is s io n e o e ffie ie n t o f PA R r e e e iv e d by the le a v e s
.

A e e o r d in g to the th e o r y o f

is o t r o p ie r a d ia tio n
,

the s e a t t e r e d r a d ia t io n r e e e iv e d by th e le a v e s 15 in d e p e n d e n t o f th e le af

a z im u th a n g le
,

a n d th e r efo r e
,

th e s c a t t e r e d r a d ia tio n w h ic h 15 r e e e iv ed by th e le a v e s a n d

lo e a t ed w ithin the lay e r fr o m a e e u m u la t e d LA I L 一 1 t o L
,

w ith le af in e lin a t io n 氏 a n d le af

a z im u th 人 e a n b e e x P r e s s ed a s

D
’

(L 一 1 ~ L
,

氏人 ) = D
’

(L 一 1 )
(1 + e o s氏 )

2
(1 0 )

(2 ) Ca lc u la t io n

of th。 w in d v eloc ity a bo v e th e le

af

T h e g e n e r a l m o d el t o e s tim a t e the a v e r a g e w in d v elo e ity w ithin the e r o p e a n o p y in the



N o
.

4 L IU J ia n d o n g Z H O U X iujl
a n d YU Qia n g 4 3 1

fie ld e a n b e e x P r e s s e d a s (F u e t a l
.

1 9 9 4 )

U -
。H i
黯子瓷

〔ae
一‘·‘ + “(‘一 了, 〕

(1 1 )

w he r e
H 15 th e h e ig ht o f the p la n t ; z 。 15 the r o u g h n e s s

,

w h ieh e a n be d efin e d a s 2 0
~ 0

.

1 3

H ; U ll 15 the w in d v elo eity a t th e p la n t h e ig ht H
; n 15 the r ay n u m be r a e e o u n te d fr o m th e

field b o u n d a r y : f 15 th e fu n e t io n o f r e la tiv e L A I ; a
,

月
a n d k a r e e o effie ie n t s

,

w hie h a r e

0
.

7 4
,

0
.

2 6 a n d 2
.

7 8 r e sPe e t iv ely
.

2
.

L e

af P h o to划 n the si: 材d d el

B all (S e lle r s 1 9 9 6 ) s t a t e d th a t th e s t o m a ta l e o n d u e tiv ity g
:

15 th e fu n e t io n o f h u m id ity

(h
,

)
,

CO
: e o n e e n tr a tio n (Cs ) a t th e le a f s u rfa e e a n d th e r a te o f Ph o t o s yn th e sis (P

。

) o f th e

le a v e s
,

w hie h e a n b e e x P r e s s ed a s

g
,

一 a

尸 h X h
:

C
, + g 。 ,

(1 2 )

w h e r e a a n d g
: a r e e o e ffie ie n t s

.

s u bs t it u t in g the

S e lle r s 1 9 9 6 )

s a t u r a t lo n v aP o r

L e u n in g p u t fo rw a r d th e m o d ifie d B a ll
一

B e r r y m o d e l b y

Pr e s s u r e e fo r h u m id ity h
,

(Y u
,

R e n e t a l
.

1 9 9 8 ; 2 0 0 0 :

g
,

一 a 万二一
- , 石万下百一下, 刃二下 + g 。 ,

、协
s

—
l 产 、 1 门尸 ‘ / 匕 0 夕

尸
,

(1 3 )

w h e r e 尸 15 th e e o m Pe n s a tio n Po in t o f C O 2
.

T h e C O Z e o n e e n t r a t io n in s id e the s t o m a e a n be

s im u la te d a s

C
‘
= C

:

一 P
,

/ g
, ,

th u s th e g 。
m u s t b e a v e r y s m a ll e o n s t a n t a p p r o a e hin g t o 0

.

C o u p le d E q
.

(1 2 )
,

(1 4 )

E q
.

(1 3 )

w ith E q
.

(1 4 )
,

th e Ci e a n be

C
‘

e a le u la t e d a s fo llo w s :

一 Cs 一 1 / a (C 一 r ) (1 + e /e 0)
.

T h e p ho t o s yn the s is r a t e o f le a f r e s p o n d s t o the lig h t a e e o r d in g t o th e

夕尸
2
一 尸 (aI + 尸ma x) 十 aI 尸~ 一 0,

(1 5 )

fo llo w in g e q u a t io n

(1 6 )

w h e r e 尸 15 the r a t e

q u a n tu m effie ie n e y
,

r e s o lu tio n o f 尸 15

o f g r o s s p h o t o s yn t he s is
,

8 15 th e d e g r e e o f e o n v e x it y
,

a n d P ma
二

15 th e m a x im u m r a te o f Ph o t o s yn th e sis
.

a 15 the in it ia l

T he r e a s o n a ble

尸 -
1 。 , .

~
‘

/
, , .

。
、 。 .

。 , ,
~

丽Lal 十 厂ma
!

一 ,V 气a1 十 厂 ma
!
)

“

一 4 “气a1 厂 ma
二

月
·

(1 7 )

T h e r a t e o f n e t p h o t o s yn th e sis e a n be e a le u la te d a s

尸
,

一 尸 一 R d.

T h e in it ia l q u a n tu m e ffie ie n e y 15 a ffe e t e d by th e CO
Z e o n e e n tr a tio n :

a 一 a 。(C
‘
一 厂) / (C

‘
+ 2厂)

,

(1 9 )

w h e r e a o
15 th e m a x im u m e a p a e ity o f q u a n tu m e ffie ie n ey

.

T h e m a x im u m r a t e o f

p h o t o s yn th e sis 15 m a in ly d e t e r m in e d b y the R u bis e o
,

a n d a ffe e t e d b y CO
: e o n e e n t r a tio n

a n d t e m Pe r a t u r e

P 。
二

~ V , (Ci 一 厂) (C
‘
+ C )

,

(2 0 )

w h e r e V , 15 th e m a x im u m e a p a eity o f R u b is e o e a t a ly sis
,

C 15 a p a r a m e te r r e la te d t o

r e a e t io n e u r v e o f CO
Z

,

w h ieh b elo n g s t o p a r t s o f the R u b sie o r e a e tio n
.

C 15 d e fin e d a s a

e o n s t a n t in this s t u d y
.

V 二 d e p e n d s o n th e te m p e r a tu r e
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1 7

吹 一 一
-

兰
旦

一
1 十 e 二二

爵退z
(2 1 )

w h e r e V 。。
,

a a n d b a r e p a r a m e t e r s
,

R 15 the e o n s t a n t o f id e a l g a s
·

D a r k r e s p ir a t io n R 己 in

E q
.

(1 8 ) h a s a P o s it iv e p r o p o r t io n a l r e la tio n s hip w ith V ,
,

a n d e a n be e x p r e s s e d a s

R 己 = kV ,
.

C o n sid e r in g th a t P
,

15 a ffe e te d b y the o
: e o n e e n t r a tio n

e a n b e e a le u la t e d a s

th e r a t e o f n e t

(2 2 )

p ho t o sy n the s is p ,

尸
J

w h e r e P
,
15 the le a f p ho to syn the s is

= P
,

X 参(0
3
)

,

r a te e o r r e e t e d b y 0
3 e o n e e n tr a tio n ,

n o r m a liz ed fu n e t io n eh a r a e t e r iz in g th e e ffe e t o f 0
3 o n the p h o t o sy n the sis

e x p r e s s e d a s th e fo llo w in g e q u a t io n b a s e d o n the m e a s u r e d d a ta :

(2 3 )

夸(0
3
) 15 th e

w hieh e a n b e

, _

~
、

尸
A

,

一 A
,

‘旧妇 一 匕玉不灭哀劝兀石石歹〕夕 十 八 ZJ/ 八
‘ ,

(2 4 )

w h e r e
〔0

3

」15 0
3 e o n e e n t r a tio n ,

A
, ,

A : ,

仁0
3。

〕
a n d P a r e p a r a m e te r s in th e m o d el

.

3
.

Ca
n
OP 夕 P hot osy n the sis Md d el

W he n

a e e o r d in g

e x Pr e s s e d

th e w in d v e lo e ity u a bo v e th e le a f a t the a e e u m u la t e d L A I L ha s

t0

a S

the m ie r o elim a t e m o d e l
,

th e b o u n d a r y r e s is t a n e e o f the

be e n e a le u la t e d

le a f r o e a n b e

rb ~ 1 0 0
0

.

1 3 V w / u

L

尹

丫丽石
(2 5 )

w he r e w 15 th e a v e r a g e w id th o f le a v e s
.

If th e a m bie n t C O
: e o n e e n t r a t io n is C

。 ,
th e n the

CO
: e o n e e n t r a tio n a t th e le af s u r fa e e C e a n

P ,
一

b e e ale u la te d a s

Ca 一 C
;

,

乓
(2 6 )

w he r e r 。 15 th e b o u n d a r y r e s is t a n e e o f CO
Z a t th e le a f s u r fa e e

.

A e e o r d in g to the r a t io in

m o le e u la r w e ig ht o f w a t e r t o C O
Z ,

rc = 1
.

6 心
·

Co u p led th e e q u a t io n s fr o m E q
.

(1 7 ) to E q
.

(2 6 )
,

th e eq u a t io n s w ith tw o v a r ia ble s ,

C
, a n d C

、 ab o v e le a v e s , e a n b e o bt a in e d
.

S in e e E q
.

(1 5 ) 15 a ls o a n e q u a t io n r ela t e d t o th e s e

tw o v a r iab le s ,
th e CO Z e o n e e n t r a t io n C

: a t the le a f s u r fa e e a n d th e s t o m a t a l C O Z

e o n e e n t r a tio n C
、 e a n be e a le u la t e d b y the s e sim u lt a n e o u s e q u a t io n s ,

th e n th e n e t

p h o t o s yn th e s is P , a t th e a e e u m u la t e d LA I L e a n be o bt a in e d
.

It 15 o bv io u sly tha t P , 15

a ffe e t ed e o m p r e he n s iv e ly b y lo t s o f fa e t o r s s u e h a s C O
Z e o n e e n t r a t io n

, r a d ia t io n ,

sPe e t r u m
,

t em Pe r a t u r e ,

hu m id ity
,

w in d v e lo e ity
, e te

.

T he e a n o Py Ph o t o s yn the sis a t a

g iv e n la ye r 15 th e in te g r a l o f th e t o t a l le a f p ho t o sy n th e s is a t d iffe r e n t a e e u m u la t e d L A I
:

厂
·
、田少 一 {

。

{
。

J

刁2

P ,
(。

,

L ,

氏
,

笋: )P (L
,

氏
,

丸)d久d人dL
.

(2 7 )

T h e d is e r e t e e x p r e s s io n o f th e in t e g r a l o f p h o t o sy n th e sis e a n b e e ale u la t ed a s

几月 6 5

尸
二

(劝 ~ 习艺名尸
,
(。

,

L ,

氏
,

人)P (L
,

氏
,

人)△氏△人△L (2 8 )
L

w he r e ILA 一IN T (L A I) + 1
.
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D E T E R M IN A T IO N OF T H E PA R A M E T E R S A N D V A L ID A T IO N OF T H E L E A F

PH O T O S Y N T H E S IS MO D E L

1
.

D ￡te

rm in a tio n
of th e P a ra m e ters

T he a r eh ite e tu r e a n d p h o to syn th e s is o f th e w in t e r w he a t w e r e m e a s u r e d in e a n o p y

d u r in g th e io in t in g p e r io d o f w in t e r w he a t in A p r il 1 9 9 9
, a t th e Ly sim e t e r S e e tio n in

Y u eh e n g Co m p r e he n s iv e E x p e r im e n t a l S ite
,

C h in e s e A e a d e m y o f Se ie n e e s
.

T he a r e a

d e n s ity o f le a f in elin a t io n a n d th e a e e u m u la t e d L A I a t d iffe r e n t d ePth w e r e m e a s u r e d

(T a ble l )
,

the n th e le a f p h o t o s yn the sis r a t e a n d e o r r e s p o n d in g a m bie n t m e te o r o lo g ie a l

fa e t o r s w e r e m e a s u r e d w ith C l
一

3 OIP S p o r ta b le Ph o t o s yn th e sis a n a ly z e r m a d e in C ID

C o r p o r a t io n o f A m e r ie a
.

T he p a r a m e t e r s fo r th e le a f m o d el w e r e o bt a in e d b y th e t r ia l

m e th o d a s fo llo w s : V 二。
一 1 4 0 拌m o l/ (m

Z s )
,

Q
l。
= 2

·

4
,

k = 0
·

0 3 4
, a ,

= 2 2 0 0 0 kJ/ m o l
,

b一

7 0 3 )/ (m o l K )
,

R 一 8
.

3 1 4 ) / (m o l K )
, e 。一 1 5 0 0 Pa ,

厂一 5 0 m o l/ m o l
,

C = 1 0 0 拼m o l/ m
o l

,

a 。 = 0
.

0 8
, a n d 夕= 0

.

5 5
.

T h e d a t a m e a s u r e d in th e o Pe n t o P eh a m b e r (O T P ) w e r e u s e d t o

d e t e r m in e the e ffe e t o f e n ha n e e m e n t o f 0
3 e o n e e n t r a t io n o n the w in te r w h e a t

.

T he

Pa r a m e t e r s o f the in flu e n e e o f 0
3 e o n e e n t r a t io n o n the le a f p h o t o s yn t he sis o f w in t e r w he a t

w e r e d e t e r m in e d b a s e d o n the a v e r a g e d v alu e o f the d a t a m e a s u r e d d u r in g a fe w d a ys
.

T he

p a r am e t e r s a r e :
A

l
= 1 7

·

9
,

A
Z
= 8

·

7
,

[ 0
3石
〕= 1 4 1

.

6
, a n d P = 1

.

7
.

T a ble l
·

T h e A r e a

De
n s ity o f th e L e a f In e lin a tio n o f W in te r

W h e a t (Y u e h e n g
,

1 9 9 9
一
0 4

一
1 2 )

H e ig h t A ee u m u la ted

(e m ) L A I

4 5 一 4 0 0 一 0
.

1 2 5

4 5 一 3 0 0 一 0
.

9 7 5

4 5 一 2 0 0 一 2
.

3 2 5

4 5 一 1 0 0 一 3
.

5 2 5

4 5 一 0 0 一 3
.

9 7 5

L e a f in e lin a tio n (d e g
.

)

0 一 1 0

0
.

0 0

1 0一 2 0 2 0 一 3 0 3 0 一 4 0 4 0 一 5 0 5 0 一 6 0 6 0 一 7 0 7 0 一 8 0 8 0 一 9 0

0
.

0 0 0
.

0 4 0
.

0 8 0
.

0 8 0
.

1 2 0
.

1 6 0
.

2 8 0
.

2 4

0
.

0 0 0
.

0 3 0
.

0 7 0
.

0 6 0
.

1 6 0
.

1 9 0
.

2 7 0
.

2 2

0
.

0 3 0
.

0 4 0
.

0 9 0
.

0 5 0
.

1 4 0
.

1 7 0
.

2 5 0
.

2 1

0
.

0 7 0
.

0 9 0
.

0 7 0
.

0 5 0
.

1 1 0
.

1 4 0
,

2 3 0
.

2 0

0
.

0 8 0
.

0 7 0
.

0 9 0
.

0 6 0
.

1 0 0
.

1 2 0
.

2 2 0
.

2 0

0夕曰连
�八O九U00C

U
.

⋯
0C
Uno

2
.

V a lid a t i o n

of th e L e

af

F ig u r e 1 sh o w s t h e e o m Pa r is o n o f s im u la t e d v a lu e w it h m e a s u r e d p h o t o s y n th e s is r a t e
.

I t e a n b e s e e n e le a r ly t h a t th e g e n e r a l t r e n d o f t h e v a r ia t io n o f t he s im u la t e d v a lu e fits t ha t

o f t he m e a s u r e d d a t a fa ir ly w e ll
.

T h e d a t a a r e s e a t t e r e d a t b o t h s id e s o f t he d ia g o n a l lin e
.

T h e a n a lys is o f th e e o r r e la t io n b e t w e e n t he m e a s u r e d d a t a a n d t he s im u la t e d v a lu e s ho w e d

t h a t t he s lo p e 15 0
.

9 9 9
, e lo s e to i

, a n d t h e in t e r e e p t 15 一 0
.

0 3 6 , e lo s e t o 0
.

T h e

e o r r e la t io n e o e ffie i e n t 15 0
.

8 9 3 w it h 4 3 2 s a m p le s ,

w hi e h p a s s e d t h r o u g h a s ig n ifi e a n e e te s t

o f 0
.

0 0 1
.

T his m e a n s t h a t t he le a f p ho to sy n t he s is r a t e e a n b e s im u la t e d a e e u r a t e ly w it h

t h e e s t a blis he d le a f m o d e l
.

I V
.

N U M E R IC A L A N A L Y S IS O F T H E E FF E C T S O F 0 3 ,

C O Z A N D S PE C T R U M V A R IA T IO N O N

C AN O PY PH O T O S YN T H E S IS

T h e e ffe e t s o f t he e o n e e n t r a t io n o f 0
3 a n d CO

Z , s p e e t r u m
,

t e m p e r a t u r e ,

h u m id ity a n d

w in d v e lo e it y o n e r o p p ho t o s y n t h e s is a r e 5 0 e o m p le x t h a t n o in s t r u m e n t e a n id e n t ify th e
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1 7

y=
一0 0 3 6 + 0

.

09 lx

n = 4 3 2
,
r = 0

.

8 9 3

、
.

、
、

.

2

4035

~ 3 0
产 . 、

的

0 _ q o

O

熬
、二

0 0 0

O O

心户心

2520巧ros飞�洛
。日已�
‘n勺决P‘苟工昌�S

0 O O

一

咪 5 10 15 2 0 2 5 3 0

M e a s u re d v al u s
(卜 m oU(m

Z s
))

3 5 40

Fig
.

1
.

v a lid a t io n o f th e le a f ph o t o sy n t he s i s m o d e l
.

fa e t o r w h ie h e a u s e s t he v a r ia t io n o f p ho to s yn t he s is m e a s u r e d in t h e fi e ld
.

I n o t he r w o r d s ,

it 15 d iffi e u lt t o e o n d u e t t he e o m p r e he n s iv e m u ltip le fa e t o r ia l e x p e r im e n t in t h e fi e ld
.

H o w e v e r ,
t he le a f m o d e l e s t a blis he d in t h is s tu d y w a s fu lly v a lid a t e d a g a in s t t h e m e a s u r e d

d a ta w it h C I D in s t r u m e n t
, a n d th e s e a lin g u p p r o e e s s e s fr o m e a n o p y s e a le t o s p a t ial s e a le

w e r e e a le u la t e d w it h a e le a r a e ad e m ie p r o e e s s
.

T h e r e fo r e t he e ffe e t s o f s in g le fa e to r o r

m u ltip le fa e to r s , s u e h a s 0
3 a n d C O

: e t a l
.

, o n t h e e a n o p y p ho t o s yn t he s is e a n b e r e v e a le d

b y n u m e r i e a l e x p e r im e n t s w it h t he e a n o p y p h o t o sy n th e s is m o d e l e s ta b lish e d in t h is s t u d y
.

C o n s id e r in g t h e r e a r e lo t s o f fa e t o r s in flu e n e in g e r o p ph o t o s yn t he s is
,

t he s im u la t io n

s e e n a r io w a s d e fin e d fir s t
.

T h e s im u la t e d lo e a t io n w a s th e Y u e h e n g C o m p r e he n s iv e

E x p e r im e n ta l S it e ( 3 6
0

5 0 ‘N
,

1 1 6
0

4 0 ,
E )

,

C h in e s e A e a d e m y o f S e ie n e e s
.

T he s im u la t e d

e x p e r im e n t w a s e o n d u e t e d o n A p r il 1 2
,

w hi e h e o r r e s p o n d e d t o t h e jo in t in g p e r io d o f w in t e r

w h e a t
.

G iv e n t he a s s u m p t io n t ha t it w a s a t yp i e a l c le a r d a y w ith 1 2 M J/ m Z o f to ta l d a ily

d ir e e t r a d ia t io n a n d 4 MJ/ m
Z o f t o t a l d a ily

一 s e a t t e r e d r a d ia t io n , t h e e a n o p y p ho to syn t he s is

a t n o o n w a s n u m e r i e ally a n a ly z e d w it h t h e m o d e l
, u n d e r t h e fo llo w in g a s s u m e d

e o n d it io n s , s u e h a s ( a ) t h e e o n e e n t r a t io n o f 0
3
w a s 4 0 PPb v ,

( b ) t h e e o n e e n t r a tio n o f CO
Z

w a s 3 3 0 p Pm v , ( e ) t he r a tio o f PA R t o t he w ho le s p e e t r u m o f d ir e e t r a d ia t io n e q u a le d

0
.

4 2
,

( d ) t he r a t io o f PA R to t he w ho le s p e e tr u m o f s e a t t e r e d r a d ia t io n w a s 0
.

5 6
, ( e ) t he

t e m p e r a t u r e w a s 2 5 ℃
,

( f ) t he v a p o r p r e s s u r e w a s 8 0 0 hP a , a n d ( g ) t he w in d v e lo e ity

a b o v e th e w in t e r w h e a t e a n o p y w a s 3 m / 5
.

1
.

S i n郭e F a c t
硫

a l l动
u e n c e

F ir s t ,
t he e o n e e n tr a t io n s o f 0

3 a n d CO Z a n d p e r e e n t a g e o f PA R in t h e s p e e t r u m w e r e

a dju s t e d w hile th e o t h e r fa e t o r s u n d e r t h e BA S E e o n d it io n r e m a in e d u n e ha n g e d
·

T he

r e la t io n sh ip b e tw e e n 粉a n d 又15 v e r y e o m p le x
, a n d t he y d o n o t e h a n g e e q u a lly w he n t he

s p e e t r u m e h a n g e s
.

H o w e v e r ,
t h e r e s e a r e h r e s u lt (Z u o e t a l

·

1 9 9 1 ) sh o w e d t h a t 甲 a n d 又

a lw a ys ha v e t he s yn e h r o n o u s e ha n g e u n d e r m o s t e o n d it io n s , t h u s th e p r o p o r tio n a l



N o
.

4 L IU J ia n d o n g
,
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e o e ffie ie n t o f the s p e e t r u m B w a s d efin e d a s :
甲= 刀

。 x B / 0
.

5 ; 又= 久。 X B / 0
.

5
.

It e a n be

m a d e th e e o n e lu sio n fr o m th e a b o v e d efin itio n th a t th e p r o p o r t io n o f PA R in the s p e e t r u m

e q u als th a t o f the BA SE v a lu e w h e n B 15 0
.

5
.

T h e v alu e o f B w a s a diu s t e d fr o m 0
.

4 t o 0
.

6

in the n u m e r ie a l a n a lys is
,

in o r d e r t o fit th e p o s s ible v a r ia t io n r a n g e fo r bo th 夕a n d 又
.

T he s in g le fa e t o r ia l n u m e r ie a la n a lys is s ho w e d th a t th e e a n o p y p ho to syn th e s is r e d u e e d

w ith 0
3 e o n e e n t r a t io n in e r e a sin g (F ig

.

2 )
.

It r e d u e e d slo w ly w h e n th e 0
3 e o n e e n t r a tio n

in e r e a s e d fr o m 0 p p b t o 4 0 p p b
,

b u t r a Pid ly r e d u e e d lin e a rly w ith 0
3 e o n e e n t r a tio n

in e r e a sin g fr o m 4 0 p p b t o 1 4 0 p p b
.

H o w e v e r ,
th e e a n o p y p h o t o s yn th e sis r e d u e e d m o r e

s lo w ly w he n the o
: e o n e e n t r a t io n in e r e a s e d fu r the r

.

T h e e a n o p y Pho to syn th e s is w o u ld

r e d u e e fr o m 6
.

5 9 / (m
,
h ) to 4

.

5 9 / (m Z h ) w h ile th e o
。 e o n e e n tr a tio n in e r e a s e d fr o m 0 p p b

t o 2 0 0 Pp b
.

C a n o p y p h o t o s yn the sis in e r e a s ed w ith CO
Z e o n e e n tr a tio n in e r e a sin g ,

b u t th e

r a t e o f e n h a n e e m e n t r e d u e e d o b v io u s ly w ith C O
Z e o n e e n t r a tio n in e r e a sin g

.

T h e e a n o p y

p ho t o syn th e s is w o u ld in e r e a s e fr o m 6
.

5 9 / (m
Z

h ) to 8
.

9 9 / (m
,

h ) w h e n th e CO Z

e o n e e n t r a t io n eh a n g ed fr o m 3 3 0 p p m to 6 6 0 p p m
.

T he e a n o p y p ho to syn th e s is r e d u e e d

r a p idly w ith d e e lin e o f s p e e tr u m p r o p o r tio n a l e o e ffieie n t B (Fig
.

Ze )
.

T h e d o tt e d lin e in

F ig
.

Ze 15 a lin e th a t p a s s e s th r o u g h tw o p o in ts
,

w ho s e p r o p o r t io n a l e o e ffie ie n t s a r e 0
.

4

a n d 0
.

6
.

It e a n b e s e e n fr o m F ig
.

Ze th a t the e a n o p y p h o t o s yn t he sis r e d u e e d w ith

l0

(a) 向

R�76悦
�
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·
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O
.

6() 0 5 6 0
.

5 2 0
.

4 8

Pr
op

o rt lo n a l e o e
ffi

e ie ni o f th e

0
.

4 0

T he s i n g le fa e t o r i a l i n flu e n e e o f 0 5 ,

C O Z

a n d s P e e t r u m v a r ia t i o n o n e a n o p y

ph o t o s yn t he s is P j ( th e d o t s e o r r e sp o n d t o

th e BA S E v a lu e ) : ( a ) th e e ffe e t o f 0 3

e o n e e n t r a t io n [ 0 3

〕 o n th e c a n o p y

ph o t o s yn t he s is
,

( b ) th e e ffe e t o f CO Z

e o n e e n t r a t io n 〔CO :

〕
o n th e c a n o p y

Ph o t o s yn t he s is , a n d ( e ) th e e ffe e t o f

s p e e t r u m p r o p o r t io n a l e o e ffi e ie n t B o n th e

e a n o py Ph o t o s y n th e s is
.
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s p e e tr u m p r o p o r tio n a l e o e ffie ie n t r e d u e in g w ith a lin e a r fo r m
.

T h e e a n o p y p ho to s y n the s is

in e r e a s e d w ith s p e e t r u m p r o p o r tio n a l e o e ffie ie n t in e r e a s in g
,

b u t the r a te o f e n h a n e em e n t

be e a m e sm alle r tha n tha t a e e o r d in g t o the lin e a r fo r m
·

2
.

材
“ ltiP le F a c to ri a l In刀u e n c e

T h e e o m p r e he n siv e e ffe e t s o f s p e e t r u m p r o p o r t io n a l e o e ffie ie n t
, e o n e e n t r a t io n s o f 0

3

a n d CO Z o n e r o p p ho t o s yn th e s is w e r e sh o w n in F ig
.

3
.

T he e ffe e t s o f e o n e e n t r a t io n

v a r ia tio n o f C O Z a n d 0
3
w e r e s ho w n in F ig

.

3b
,

w h e n th e s p e e t r u m p r o p o r t io n al effie ie n t

eq u a le d o
·

5
·

T he s p e e t r u m p r o p o r t io n a l e ffie ie n t e o r r e s p o n d s t o the BA S E va lu e o f th e

s p e e t r u m a t p r e s e n t
,

w h ie h e q u a ls 0
.

5
.

It e a n b e s e e n fr o m Fig
.

3b th a t the e a n o p y

p h o t o s yn the s is r a t e r e d u e e s w ith 0
3 e o n e e n t r a t io n in e r e a s in g

,

w hile it in e r e a s e s w ith C O Z

e o n e e n t r a t io n in e r e a s in g
.

T he v a r ia t io n r a n g e o f the e a n o p y p ho t o syn the s is 15 fr o m s
·

0 t o

9
.

0 9 / (m
Z
h )

, a n d the m a x im u m v a lu e 15 n e a r ly tw ie e the m in im u m v a lu e
.

W he n 0
3

e o n e e n t r a t io n e q u als 4 0 p p b a n d C O
Z e o n e e n t r a t io n e q u a ls 3 3 0 p p m

,
th e e a n o p y

p ho t o syn the s is r a te e o r r e s p o n d s t o th e BA S E v alu e 6
.

5 9 / (m
,

h )
.

T he e a n o p y

p ho t o syn the s is 15 a b o u t 6
.

2 9 / (m
Z
h ) a s the 0

3 e o n e e n tr a t io n in e r e a s e s t o 2 0 0 p p b a n d th e

CO Z e o n e e n t r a tio n in e r e a s e s t o 6 6 0 p p m
.

A t th is t im e ,
the n e g a t iv e e ffe e t o f th e

e n h a n e e m e n t o f 0
3 o n p h o t o s yn th e s is e x e e e d s th e p o s it iv e effe e t o f th e e n h a n e e m e n t o f C O

Z

o n p h o t o syn th e s is
,

T h is r e s u lt h a s n o e o n flie t w ith th e fo r e g o in g r e s u lt s o f s in g le fa e t o r ia l

a n a lysis
.

B e e a u s e o f th e e o u p le d effe e t s ,
th e e ffe e t o f 0

3 o n e a n o p y p h o t o s yn the s is m a y b e

g r e a t e r th a n th a t o f th e CO
Z a m o n g th e s e tw o e o m p r e he n s iv e e ffe e ts

.

It 15 n o t r e a s o n a ble

fo r s e ie n t is t s t o e o n s id e r th e e o m p r e he n s iv e effe e t s a s th e s im p le s u m o f the s in g le fa e t o r ia l

e ffe e t s
.

If th e s p e e t r u m v a r ia t io n 15 e o n s id e r e d fu r the r ,
th e e a n o p y p ho t o sy n the s is r a t e

w ill be a bo u t 4
·

2 9 / (m
,

h )
,

w h ie h w ill r e d u e e b y 3 5 % o r 5 0 th a n th a t a t p r e s e n t
,

e o r r e s p o n d in g t o the 0
3 e o n e e n t r a tio n o f 2 0 0 p p b

,

C O
z e o n e e n t r a t io n o f 6 6 0 p p m a n d th e

s Pe e t r u m Pr o Po r t io n a l e o e ffie ie n t o f 0
.

4
.

It e a n be a ls o s e e n fr o m th e a n a lys is r e s u lt s (Fig
.

3 b ) th a t th e effe e t o f C O
Z

e o n e e n t r a t io n o n e r o p e a n o p y 15 v e r y s ig n ifie a n t w he n th e 0
3 e o n e e n tr a tio n e ha n g e s fr o m

4 0 0 p p b t o 1 6 0 p p b
, a e e o r d in g to the w e ll

一

p r o p o r t io n e d in e r e a sin g fo r m
.

T h e e ffe e t o f C O
Z

e o n e e n tr a t io n o n e a n o p y p h o t o s yn th e s is 15 d iffe r e n t w h e n the 0
3

15 e ith e r a t the lo w e r

e o n e e n tr a t io n , eh a n g in g fr o m 0 p p b t o 4 0 p p b
, o r a t a h ig h e r e o n e e n t r a t io n

, eh a n g in g

fr o m 1 6 0 p p b t o 2 0 0 p p b
.

T h e e a n o p y p h o t o s yn th e s is in e r e a s e s r a p id ly w ith C O
Z

e o n e e n tr a t io n in e r e a sin g w he n th e C O
Z e o n e e n t r a t io n e ha n g e s fr o m 3 3 0 p p m t o 4 5 0 p p m

,

w h ile the 0
3 15 a t a lo w e r e o n e e n t r a t io n

, e ha n g in g fr o m 0 p p b t o 4 0 p p b
.

H o w e v e r ,
th e

in e r e a s e r a t e o f th e e a n o p y p ho t o s yn the s is r e d u e e d o bv io u s ly w ith C O
Z e o n e e n t r a t io n

in e r e a s in g w he n th e CO
Z e o n e e n tr a tio n r e a e h e s 4 5 0 p p m

.

T h e in e r e a s e r a t e o f CO Z

e o n e e n tr a tio n r e d u e e s t o n e a r ly h a lf w ith C O
Z e o n e e n t r a t io n in e r e a s in g

,

w h e n th e CO
Z

e o n e e n tr a tio n eh a n g e s fr o m 4 5 0 p p m t o 5 8 0 p p m
.

W h e n C O
Z e o n e e n t r a t io n in e r e a s e s

fu r the r a n d 15 g r e a t e r th a n th e le v e l o f 5 8 0 p p m
,

th e in e r e a s e r a t e o f e a n o p y p h o to syn the s is

e q u a ls th e in e r e a s e r a te a t th e C O
Z e o n e e n t r a t io n e ha n g in g fr o m 3 3 0 p p m t o 4 5 0 p p m

.

T he

e a n o p y p h o t o s yn the s is in e r e a s e s q u iek ly w ith C O
Z e o n e e n t r a tio n in e r e a s in g fr o m 3 3 0 p p m

to a b o u t 4 0 0 p p m
,

w he n the 0
3 e o n e e n t r a t io n 15 a t a hig he r le v e l fr o m 1 6 0 p p b t o 2 0 0 p p b

·

H o w e v e r , th e in e r e a s e r a t e r e d u e e s o bv io u s ly w ith CO Z e o n e e n tr a tio n in e r e a sin g w h e n th e
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C O
Z e o n e e n t r a t io n e x e e e d s th e le v e l o f 4 0 0 PPm

.

In o th e r w o r d s ,
the Po sit iv e effe e t w ill

r e d u e e o bv io u s ly a s lo n g a s th e CO
Z e o n e e n tr a tio n e x e e e d s 4 0 0 p p m

,

w h e n th e 0
3

e o n e e n t r a t io n r e a eh e s 2 0 0 p p b o r 5 0
.

C o m p a r is o n am o n g Fig
.

3 a ,

F ig
.

3 b a n d Fig
.

3 e

s ho w e d th a t th e a dju s tm e n t o f s p e e t r u m p r o p o r t io n a l e o e ffie ie n t o n ly e ha n g e s th e e x t e n t a t

w h ieh 0
3 a n d CO

: affe e t e a n o p y p ho t o s yn the sis
,

bu t it h a s n o in flu e n e e o n th e g e n e r a l

t r e n d o f th e e ffe e t s o f 0
3 a n d C O

Z o n e a n o p y p h o t o s yn th e s is
.

T h e e a n o p y p h o t o s yn th e s is

b e e o m e s m o r e s e n s it iv e t o the v a r ia t io n s o f 0
3 a n d C O

Z e o n e e n t r a tio n s if th e s p e e tr u m

p r o p o r t io n a l e o effie ie n t 15 a t a h ig h e r v alu e
.

T he e ffe e t o f C O Z e o n e e n t r a t io n in e r e a s e o n e r o p s h a s b e e n r e v e a le d b y e x p e r im e n t s

m a d e u n d e r the o Pe n t o P e ha m be r e o n d it io n s
.

T h e r e s u lt s sh o w ed th a t th e in e r e a s e o f th e

CO Z e o n e e n t r a tio n ha d o b v io u s d is tin g u ish e d e ffe e t o n e r o p p ho to sy n th e s is a n d th e e r o p

y ie ld s w o u ld b e im p r o v e d r a p id ly d u e t o the d ir e e t e ffe e t o fCO
Z , r e g a r d le s s o f the e lim a t e

e ha n g e
.

B a s ed o n the fo r e g o in g s t u d y r e s u lt s ,

it e a n b e e o n e lu d e d tha t th e p o s itiv e effe e t

o f CO
Z o n e r o P Pho t o s yn the sis w ill b e e u t d o w n s e r io u s ly in the fu t u r e , o n th e e o n d it io n

th a t the s p e e t r u m p r o p o r t io n al e o effie ie n t r e d u e e s to 0
.

4 o r 5 0 a n d th e 0
3 e o n e e n t r a t io n

in e r e a s e s d u e to in d u s t r ia l P o llu tio n , e v e n u n d e r th e s u it a b le t em Pe r a t u r e a n d m o is t u r e

e o n d it io n s a n d r e g a r d le s s o f the in d ir e e t im p a e t o f e lim a te eh a n g e o n th e e r o p s
.

(a)
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.
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.
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.
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.
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.

3
.

T h e m u lt ip le fa e t o r ia l in flu e n e e o f 0 3 ,

C O Z a n d sP e e t r u m v a r ia t io n o n

e a n o Py Pho t o sy n 一th e s is : ( a ) th e

s Pe e t r u m Pr o P o r t io n a l e o e ffie ie n t B =

0
.

4 ,

(b ) B = 0
.

5 a n d ( e ) B = 0
.

6
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7
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V
.

SU MM A R Y A N D D ISCU SS ION

(1 ) B a s e d o n the b io eh e m ie a l k n o w le d g e , a n a g r o m e t e o r o lo g ie a l m o d e l w a s d e v elo p e d

fo r s im u la t in g the e a n o p y p ho t o s yn the sis o f w in t e r w h e a t in this s t u d y
,

in w hie h th e e ffe e t

o f the s to m a ta l a diu s tm e n t o n e r o p p ho to sy n th e s is w a s fu lly e o n s id e r e d
.

T he m o d e l h a s

e o u p le d th e v a r ia t io n o f 0
3 ,

CO
Z a n d s p e e t r u m w ith e r o p p h o t o s yn th e s is r e a s o n a b ly

,

in

w h ie h th e e ffe e t o f p la n t a r eh it e e t u r e o n p ho t o syn the s is w a s e o n s id e r e d in th e s e a lin g u p

p r o e e s s fr o m le a f s e a le t o e a n o p y s e a le a t th e fir s t t im e
.

T h is m a d e th e m o d e l p o s s e s s th e

s u b tle s p a t ia l r e s o lu t io n a n d h ig he r a e e u r a ey
.

A ll o f the p a r a m e t e r s u s e d in th e m o d e l w e r e

the d a t a m e a s u r ed in H u a n g
一

H u a i
一

H a i R e g io n ,

w h ie h w ill p r o v id e p le n ty o f m o d el

p a r am e t e r s fo r th e fu r th e r r e s e a r e h o n th e p o s sib le e ffe e t s o f 0 3 a n d CO : o n e r o p

p ho to s yn the s is
.

B a s ed o n th is s t u d y , a e o m p r e he n s iv e e r o p m o d e l w ith ele a r e r m e e ha n ism

w ill b e e s ta b lish e d if the d e v e lo p m e n t s u bm o d e l a n d d r y m a tt e r p a r t itio n in g s u b m o d el a r e

a d d e d t o this m o d el
,

in o r d e r to a s s e s s th e e ffe e t s o f 0
3 ,

CO Z a n d sP e e tr u m v a r ia t io n o n

t e r r e s t r ia l e e o sys t em o bie e tiv e ly in t he fu tu r e
.

( 2 ) T h e r e s u lt s o f the sin g le fa e t o r ia l n u m e r ie al a n a lys is s ho w e d th a t th e e a n o p y

p ho to sy n th e s is d e e r e a s e s w ith 0
3 e o n e e n t r a t io n in e r e a s in g

.

T h e e a n o p y p ho t o sy n th e s is w ill

r e d u e e by 2 9 % o r 5 0 if th e 0
3 。o n e e n tr a t io n r is e s fr o m 4 0 p p b t o 2 0 0 p p b

.

T h e 。a n o p y

p ho to sy n th e s is in e r e a s e s w ith C O
: e o n e e n t r a t io n in e r e a s in g

, a n d it w ill in e r e a s e b y a b o u t

3 7 %
a s the CO : C o n e e n tr a tio n r is e s fr o m 3 3 0 p p m t o 6 60 p p m

.

T he c a n o p y p ho to sy n the s is

r e d u e e s w ith s p e e t r u m p r o p o r tio n a l e o e ffie ie n t v a r ia t io n a e e o r d in g t o a lin e a r fo r m
, a n d it

w ill r e d u e e b y 2 7 %
o r 5 0 if th e s p e e t r u m p r o p o r tio n a l 。o e ffieie n t d e e r e a s e s fr o m the

Pr e s e n t v a lu e o f 0
.

5 to 0
.

4 in the fu t u r e
.

(3 ) It e a n b e m a d e th e e o n e lu s io n fr o m the m u lt ip le fa e to r ial a n a lys is in th e Pa p e r tha t

th e e a n o p y p h o t o s yn the s is in e r e a s e d q u iek ly w ith C O Z e o n e e n t r a tio n in e r e a s in g a n d the

p o s it iv e e ffe e t o f CO
Z o n e r o p p h o t o s yn th e s is 15 v e ry d is t in e t w h e n 0

3 e o n e e n t r a t io n r e a eh e d

5 0 p p b a t n o o n o n th e ty p ie a l e le a r d a y
, a s fo r th e e le a n a r e a in the v illa g e fa r fr o m the e ity

w ith lit tle P o llu t io n
.

B u t a s fo r th e s u b u r b a n a r e a w h e r e the Po llu tio n 15 v e r y s e r io u s a n d

th e p h o t o eh e m ie al fo g 15 e a s y t o be fo r m e d
,

w he n th e 0
3 e o n e e n tr a tio n r e a eh e s 2 2 0 p p b

,

the e a n o p y p h o t o sy n th e s is w ill r ed u e e s lig h tly th a n th a t a t p r e s e n t CO Z e o n e e n t r a t io n in

th e ele a r r e g io n w ith the 0
3 e o n e e n t r a t io n lev el o f 4 0 p p b

, ev e n th e CO
Z e o n e e n t r a t io n 15

d o u b le d
.

T h e r e a s o n 15 th a t the p o s it iv e e ffe e t o f the CO Z in e r e a s e e a n n o t e o m p e n s a t e th e

n e g a t iv e e ffe e t o f the 0
3
in e r e a s e o n e r o P p ho to sy n th e s is

.

If the sPe e t r u m r e d u e e s t o 0
.

4 o r

5 0 ,
th e e a n o p y p h o t o sy n th e sis w ill r e d u e e by a bo u t 3 5 % th a n th e B A S E v a lu e a t p r e s e n t

,

u n d e r th e s e e n a r io o f 0
3 e o n e e n t r a t io n 2 0 0 p p b a n d the CO Z d o u b lin g

, e v e n r e g a r d le s s o f

the e lim a t e e ha n g e
.

(4 ) B e e a u s e o f the u n e e r t a in ty o f th e e lim a t e e ha n g e ,
th e n u m e r ie a l a n a ly s is w a s m ad e

u n d e r the fix ed e lim a tie s e e n a r io
,

1
.

e
. , o n ly the d ir e e t e ffe e t s o f v a r ia tio n o f 0

3 a n d CO Z o n

e r o p p ho to sy n th e s is a r e fu lly e o n s id e r e d
.

B a s e d o n th is s t u d y
,

th e e o m p r e he n s iv e im p a e t

o f v a r ia tio n o f th e g r e e n ho u s e g a s e s o n th e e r o p p ho t o syn the s is w ill be b e t t e r r e v e a le d if
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