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ŵ

15 a d e t缸le d pro c e ss m o de l

th at sim u lat e s w a te r an d he at m o v e m e n t
thr

o u g h a

Pl a n t
一
sn o w

一

re sidu e
一
5 0 11 syste m re late d to 5 0 11 fre

ez in g

an d th a w in g as w e ll a s c o m Pu tin g 5 0 11 e vaP or ati o n

separa te ly fro m
tran

spira ti o n a biliti e s [ 13一 1 6 1
.

sin ee 小15

m o d e l eo u ld a d dr e ss 5 0 11 te m pe
r atu re an d w a te r eo n d i

-

ti o n s tlir o u g h th e w in te r, in e o rp o r a ti o n o f ro u tin e s fo r

sn o w
,

Pr o e e ss o f 5 0 11 h eat an d 5 0 11 fr e e z in g in th e

SHAW in to th e R ZW QM 而g ht e x te n d ap Plic ab ility

o f th e R Z W QM to w in te r se a so n s ,

thu s fo n 刀e d the

R Z
一

S H AW m o de l
.

Th is c o u Ple d m o d e l ha s n o t be e n

te ste d e x ee Pt its ab ility o f sim u lat io n 5 0 11 te m Pe ra tu re
,

sn o w de pth and
5 0 11 fr o st in w in te r w a s re p o rte d l17 1

.

Th
e o bj e et o f th is stu d y w a s to : (l) ehara

c teri z e the

w ate r an d he at fl u x e s ex e han g e
be tw e e n th e bio sPh ere

an d at m o sPh ere in su 们n rn er m a iz e fi e ld o n the d a ta se t

o btai n e d in the Yu c hen g Sta tio n ,

In stitu te o f G e o -

gr aP h ie Se ie nc e s an d N atu ral Re
so ur e e s

Re
se ar eh

,

Chi n e se A e a d em y o f S c ie n e es by the ed dy eo v
硕

a n e e

te ehn iq u e an d (2) v a lid a te R Z
一

S H AW m o d e l in e sti
-

m atin g E T an d e n e rg y fl u x e s fo r su n u n e r m a iz e fi e ld

an d e v a lu ate m o
de l Pe

rfo rm an e e w ith th e m e asu re
-

幻n en ts

1 E x Pe rim e n t a
nd me th o d s

1
.

1 S ite d e scri Ptio n

Th
e e x pe ri me

n t w a s
pe rf( 爪n e d at Yu eh e n g C o m

-

Pre he n siv e E x Pe ri m en t S ta tio n (3 6
0

5 7
’

N
,

1 16
0

3 6
’

E
,

20

m a
.

s
.

I
.

) in th e N o
rth C hin a Pla in ehar ac teri z ed by a

se而
一

h u
而d an d m o n so o n e lim ate

.

M e
an a n n u a l Pr e -

eiPita tio n
,

te m Per at u re an d g lob al so lar ra d i如
o n at th e

sta ti o n o v e r th e Pa st 30 ye ar s

are 5 2 8 111111
,

13
.

loC
, an d

5 2 2 5 MJ‘
Z re sPe etiv e ly

.

Th
e u n d er g ro u n d 5 0 115 o f th e

ar e a ar e n la ln ly th e

mo istu r e 5 0 11 an d the sal in ize d

m o istLir e 5 0 11
,

Th
e

me
a s

ure me
n t Plo t in th is stu dy is a

w in te r w he at an d su n u n e r m ai z e ro ta tio n fi e ld
.

W in ter

w he at 15 so w n in e ar ly o c to be
r
an d harv

e ste d in 而d
-

Ju n e W hi le su n u n e r m ai z e 15 so w n w ith th e re sid u e s o f

山e w in 忱r w h e at in xn id
一

JU n e an d h arv e ste d in late

S e Pte m be r. Th e terr a ln su rr o u n d in g it 15 v eg eta te d

w ith l创嗯e
,

fl at
are

a s o f e ro P fi e ld
,

u Pw in d fe te h O f the

Site e x te n d s m o代 th幼 5 k m fo f w in d s fr o m a ll d ir e e
-

ti o n sll8I
.

1
.

2 Ed d y
一
c o v ari an e e

me
a su re me

n t

C o n tin u o u s fl u x e s an d m e te o ro lo g ie a l m e a su re
-

m e n ts w ith the e d d y e o vari an e e te c lm iq u e b eg a n o n

o e to be r 2 0 (d ay o f th e ye ar (D OY ) 2 9 3)
,

2(X) 2
.

H e re

o n ly data
o f su n u n e r m aiz e gr o w th sta g e in 2 0 0 3 fr o m

th e d ay o f so w in g (Ju n e 14
,

D OY 16 5) to harv
e st (O e

-

to be r Z
,

D O Y 2 7 5 )
,

w hieh ae eo u n ted to 1 1 1 d a ys ,

w e re

u sed fo r th is stu dy
.

Th
e ed d y eo v翻a n ee syste m

,

m ai n ly eo m Po se d



M值te r, he at fl u x e s an d w ate
r u s e e ffi e ie n ey m e as u re me

n t an d m o d e lin g 2 0 9

o f a 3D so ni e an
e

mo me te r (m o由1 C S A I
,

3
,

C a m Pbe ll

Se i
. ,

L o gan
,

U T ) a n d an
o p e n path

,

C 0 2
lH 2 0 an aly zer

(刃R G A
,

Li
一

7 500
,

L i
一

Cor hi e
. ,

L in e o ln
,

Neb ra sk s
,

U SA )
,
e o u ld me

asur e v irtU al fl u etu ati o n s an d a ver a g e s

o f w in d v e lo eity
,

te m Pe r

atu re
,

w a ter an d CO Z c
on

c e n
-

tr ati o n s
.

1切 0 5 0 11 h e at flu
x Plate s (m o de l HFT- 3

,

C a

mP b ell S eie n ti fi e In e
.

) w ere
e

mb
e d d e d in b etw e en

-

r o w s an d b etw e e n
一

Plan ts to d ete

rnu
n e fl u x e s

.

A d a ta

lo g g e r (m o de l C R 5 0( H)
,

C a m Pbe ll S e i
, ,

L o gan
,

U T )

eo n n e ete d w ith th e syste m o Pe r ate d a t 10 H z
an d th e

fl u x e s w ere av e ra g ed fo r 3 0 rni n Pe ri o d s
.

A lo n g w ith

th e fl u x e s

me
a su r e

me
n ts

,
sta n d ar d me te o r o lo g ie al d a ta

w e re e o lle ete d in c lu d in g ai r Pre ssu re
,

Pho to syn th e tic

ac ti v e ra di ati o n
,

n et ra d iati o n
,

Pre e iPitatio n
,

5 0 11 te m
-

Pe ratU r e
,
5 0 11 mo istu re

,
e te

.

Le af are
a in de x an d h eig ht w ere me

asur e d e v e ry

5 d ay s
.

加gati on an d fe rti hzer w ere 叩er ate d to

ac hi ev e a n o n
一

11而ti n g eon di ti o n
thr ou g h o u t th e

g ro w in g se a so n o f th e su n u n er m aiz e
.

1
.

3 D ata Pro ee s sin g

o w in g to in s
如m e n t m ai n te n an e e , c a libr ati o n

,

m al fu n e ti on o f th e se n so r s an d su PP0 rt in g e q u iPm en t
,

而 ssin g dat a in th e
Ob s

erv
ed fl u x e s o e eu Pied 5

.

6 7 %

d u ri n g th e Peri o d fo r an al ysis
.

U nre
a so n ab le d a ta o f

e a由o n di o x id e fl u x (Fc )
,

la te n t h ea t fl u x (乙百)an d se n
-

sible he a t fl u x (Hs ) rej e e ted ae e o u n te d fo r 0
.

06 %
,

0
.

4 8 % an d 0
.

7 3% re sPe e tiv ely a
fte r a ll 3 0 而n ra w

d ata w e邝 a sse ssed fo r 胡o m a lo u s tu rbu le n t Sta tisti e s

an d se n so r m al加n eti o n l’”}
.

R ej ee te d 5 0 11 h ea t n u x e s (G )

m e a su re d be tw e en
一

ro w s o r be tw e e n 一

Plan ts e o m Pri se d

3
.

06 % an d 3
.

4 1% d而
n g th e g r o w th Pe ri o d

.

M aj o r

而ssin g fl u x e s d a ta gap o e eu
rre d in D 0 Y 2 6 2

一

2 6 7 b e
-

e au se Pre e iPita tio n o b seu re d th e g a s an a lyz er o Ptie s

an d so n ie tr a n sd u c ers
.

S e v e ra l stra te g ie s w e re aP Plie d

to fi llin g th es e blo e ks llg一2 1 ]
.

N ig h tti me fl u x es ha v e be en re Port
e d to b e u n d e r

-

e sti m ate d by th e e ddy
e o v
颐an ee ap Pr o aeh d丽

n g th e

sta ble e o n di ti on b e eau se o f C 0 2 sto ra g e in th e la ye r

b elow th e e d勿 fl u x syste m
.

A w in d 衍 e ti o n v e lo e ity

(u * ) 。止e sh o ld (u * > 0
.

12 m s一 , ) w a s d e te丽
n e d [’”

,

22 ]

幼d fl u x e s r n e a su re 们n e n ts w h en u * w a s sm alle r th an

th e 廿lf esh o ld w e re 肥m 0 V e d fr o m th e d a ta se t to n lin i
-

而z e Pro b le m s re lat e d to in su ffi e ien t tu rbu le n t而
x in g

(fi g
.

l)
.

In a d d itio n
,

me
a s

ure me nt s w ith in 2 4 h a ft er a

rai n e v e n t w e re e lin 五n ate d fr o m the dat a se t
.

2
.

0

S 卜 0

1 0 0

。

{城
。

O O

肠 O O

飞 05
O O

0 0 夕

U

O 一 O
00.

助日会

一住5 尹
O

阅钓O

0 2 0 3 0
.

4 0
.

5 0
.

6 0
.

7 0
,

8

口/ m

Fig
.

1
.

Me a su re d n ig h t Fc (C0 2 fl u x )v s
.

n ig htt im e tu rb u len e e u *
.

B e fo re g ap
一

fi llin g the 而
ss in g d a ta

, e n e rg y e lo
-

su re w a s e x a lnj n e d by th e fo llo w in g e q u a tio n :

R
n = G + H

s + 乙E
,

(l)

w he re 尺
。

(W m
一2 )

,
n e t rad iatio n an d G (w m

一 2 )
,

5 0 11

h ea t n u x ,

Hs 15 th e sen sible he a t n u x d en sity (w m
一 2 )

o n a 3 0 而n b a sis
.

Lin e r re gr es sio n in d ie a te d tha t

agr e e

me
n t be tw e e n th e s u m o f th e tu rb u le n t fl u x e s (乙石

+
Hs ) an d th e a v a ilab le e n e堪y (R

a

) w as g e n e ra lly g o o d

(fi g
.

2):

, = 2 1
.

7 4 5 + 0
.

5
呱

, r Z = 0
.

5 6 (n = 一9 5 1)
.

Y = 让8 24 X
r = o , l“

,
n = 一9 7 3

0 /

几魁嗯

% 尽/ 二
绝彭菜气O

oo

O

。

消

O O

O o

O

O

0 0

呈

0000
nU00nU

�

6尸J4
伟」

。

藻
O0O八U0CU

,‘-

污、丫由7

夕
、

) 洁
O O

黔叱

一 10 0 卜/ 夕

一 10 0 0 10 0 2 0 0 3 0 0 4 0 0 5 0 0 60 0

凡
一
G/ w m

一 2

Fig
.

2
.

H a lf- h o u r ly s u m s o f LE+ Hs
a g ai n s t a v a ila ble e n e r g y ( R二G )

d u ri n g th e s u m m e r m a iz e g ro w th
.



2 10

1
.

4 M o de lde se ri Pti o n

A s a m o di fi e d R Z W QM
,

R Z
一

SH 戌W m o d e l is a

e o m Pre he n siv e m ed e l fo r e ro P fi e ld w hieh e o n sists o f

se ver al su b syste m s su eh a s Ph ysie a l
, 5 0 11 c he而

c al
,

n u tri e n t
,

Pe sti e id e
,

Plan t g r o w th Pr o ee sse s as w e ll a s

o ver- w in te r Pr o e e ss
.

A m o n g th e se c o ur se s
,

sy ste m E T

an d w a te r an d fl u x e s e x e han g e Pro Pe
rty

ab o v e th e 5 0 11

w e re fo e u se d an d e x a n ll n ed in th is Pa Pe r.

( i ) S o lar ra d ia ti o n w ith in th e c an o Py. In th e

la yere d system o f S H AW m o d e l
,

th e n e t r a d iat io n ab
-

so rb ed fo r e ae h layer d ePen d s n o t o n ly o n th e in e o m
-

in g ra di a ti o n fr o m ab o v e
,

b u t o n th e re fl e c te d
,

se at
-

te re d an d e而tte d rad ia tio n fr o m o th e r la ye rs w ith in

th e Plan t ean o Py, sn o w, re sid u e
,

5 0 11 syste m
.

Th
ere fbr e

th e ra d ia ti o n b alan e e w a s Pe
rfo

n n e d b y e o m Pu tin g th e

d ire c t
,

an d u Pw ar d an d d o w n w ar d d iffu
se r a d ia tio n

fl u x e s ab o v e an d be lo w ea e h laye r.

玩 R z W QM m o d el[2 3
,

2 41
, n e t r

祖iatio n o v er 山e

fi e ld re fl e ets th e e

ffe
c t o f e o m Po site albe d o o n in e o m

-

in g so lar ra di ation an d 而 g h t be aPPr o x im a ted by :

凡 = [cc (l一久 ) + CO C (1一代 ) + c0 C (l一氏 )]尺 + R b
,

(2 )

w he re cc
,

cr are th e fr a etio n o f a u n it gr o u n d su

rfa
c e

are
a eo v e re d by th e ero P an d re sid u e re sPec tiv e ly: Cs

15 th e e x Po sed gr o u n d are
a : 氏

,

氏
,

磷 are
ean o Py

, 5 0 11

an d re sid u e al b e d o s re sPe c ti v ely ; R
、

15 in c o lni n g so lar

sho rt w av e ra di a ti o n : R b 15 n e t lo n g w av e r

adi
a tio n

.

S c ie n c e in o
之艺n a Se r D E a rt h Se ie n e e s

fr o m the
to P o f the c an o Py (m )

,

ke 15 a tr an sfe r c o e ffi
-

c ien t w ith in

fe 订 Cd

SPaC C

fro m

止e ean o p y (m Z s一 l)
,

a n d HI 15 he a t

tran
s

-

th e v eg e
tat io n e leme

n ts (le a v e s) to th e a ir

w ithi n th e ean
o py (w m--

3)
.

V aP or fl u x
thr

o u g h the e
an

o Py 15 w ri tte n 5 1而
-

lar ly as th e he at fl u x e q u atio n :

餐
一

影
k

e

剖
· ;

,

(4 )

(11) W at er an d he at tr an sfe r w ith in th e e

H eat fl u x an d te m Pe r

atu re w ith in th e air
sPac e

c an o py in th e sH A W mo d e lare d ese ri b e d by [ 12
,

a l】O Py
·

o f th C

25 1

几ca 琴
一

孚{
Pa ca k

e

琴)
+ H , ,

d t o 之\ 口之 /

(3 )

w he re 小 e te rm
s (w ‘

3) re pre sen t :
an

e n er g y sto r ag e

term
,

w hi e h 15 n e g lig ib le an d n o t e o n sid e re d in th e

m o d e l: n e t h ea t tr an sfe r in to a lay er w ith in a c
an o Py :

幼d a h e at so u r c e te r n l fo r he a t tr an sfe r fr o m th e can
-

w he re 山e te
nns (k g s一 1

m--
3 ) re pre sen t :

ne t e han g e in

v
ap o r e o n

tai n e d w ithi n a la ye r ; n e t v
ap

o r fl u x in to a

can o Py lay er : an d a so ur e e te
rm fo r tr an sPira tio可

ev
ap

o rati o n fr o m th e e
an

o Py eleme
n ts le av e s w ithin

th e ean
o Py la ye r

.

El 15 tra n sPir a tio n o r e v a Po r a tio n

fr o m th e le a ve s w ithi n the e a n o Py an d o the r term
s
are

d e fi n e d Pre v io u sly
·

Tr an sfe r o f he at an d v aPo r w ith in th e ean
o Py 15

d e Pe n d e n t u Po n lo e atio n w ith in the ean o Py
,

an d se v -

eral aP Pr o a c he s fo r c o m Pu tin g th e tr an sfe r c o e
ffi

eie n t

ke ha v e be en de
v e lo pe d

.

Fl e rc hin g er an d Pie rs o n l2 5 ]

u se d th e fo llo w in g e x Pre ssio n a b o v e the z e ro Plan e

di sPla ee
me

n t
,

d :

ke = ku
*

(z 一 d + z、)/汽
,

(5 )

Fo r h eig hts le ss th an d :

k
。 = k

“ ·
z 、 / 汽

,

(6)

w he re k 15 v o n K a n n an
,
5 e o n stan t

, u * 15 th e fri etio n

v e lo c ity (m s一 ’)
,

2 15 h e ig ht

abo
v e the r esid u e o r 5 0 11

su ri滋c e (m )
,

d 15 the he ig ht o f the z ero Plan e d isPlac e
-

me
n t (m )

,
z , 15 th e th e

rm
a l su rf ac e ro u gho es s Par a

me
-

ter (m)
,

an d 办 15 a d iab at ie c o
rre

c tio n

fac
to r d ePe n d

-

en t o n th e
斑char d so n n u m be r e o m Pu te d fro m H

·

W at e r vap
o r (EI

,

iJ) an d he at tr an sfe r (Hl
,

, J) fro m

th e v e g eta tio n e leme
n ts (le av e s) to th e ai r sPa c e w ithin

a ean o Py layer fo r a g iv e n Plan t sPe e ie s

are
c o m Pu te d

fr o m

o Py e leme
n ts (le a v e s) to th e ai r sPae e w ith in th e ean

-

o p y
.

In thi s e明ati o n ,

几
,

Ca an d T are d e n sity (k g m
一 3)

,

sPe e in e h e at e叩ae i妙 (J kg
一I e

一 l)an d te呷
e r

ature
(℃ )

o f th e ai r w i面n th e ean o Py
,

r 15 tim e (s)
,

2 15 he ig ht

El
·

‘
,

, = 气
八

, ,I,

rs
, , ,

J

J 一 Pl,I

十 爪
, , J

(7 )

H ,
, , ,

, = 一Pa 叹
:

气
(不

、 , 、

, 一勒
(8 )

叭



W d te r, he a t fl u x e s a n d w ater u se effi
e ie n e y m e a su re m e n t a n d m o d e lin g 2 1 1

w here 与 an d TI
,

, , ,

ar e le af ar e a in d e x an d le af te m
-

p er at ur e of Plant
sPe e ie s j w i而n ean op y lay er i

,

Ti 15

air te 代IP er a tu re w ithi n e an o Py lay e r i
,

Pvs
,

iJ an d Pv
,

1 ar e

v a P0 r d e n sity o f Plan t ean o Py e leme
n ts (i

.

e
.

le av e s)

幼d of air w i而n

the
ean o py

,

rs
,

, J 15 sto m at al re sistan ee

pe r u ni t o f le af are
a in de x an d th e su b seri Pts re fer to

Plant sP ec ie s j w ithi n e

ano Py lay e r i
.

r、
,

, J
,

th e re sis
-

ta n e e to e o n v e eti v e tr an sfe r
fro m th e e an 0 Py leav e s

Pe r u ni t leaf are
a in de

x ,

15 e o

mP
u te d fr o m

w her e R
n ,

R
n u sb ar e th e fl u x of n et r

ad iat io n
ab

o v e o r

be lo w th e ean o Py
,

G 15 th e h e at fl u x b e lo w th e ean
-

oP y(in to th e sub str ate )
,

心 15 th e bu 玫 bou
n d恻 l盯 er

re s istan
e e of th e ean OP y e leme

n ts
,

城 15 th e b u lk

sto m ata lre sista n ee o f th e c an OP y
.

、.产、.矛飞J4
, .三.1.‘了、、‘了、

、
,

‘一 307
{鱼)

”’
.

又“i /

‘一

岚
‘ =

六
(9)

W ate r fl o w w ith in th e Plan t 15 e on tr o lled m ai n ly b y

ch an g e s in st
om

a tal re sistan ee
.

A sim Ple e qu ati o n r e
-

lati n g sto m at al re sistan
e e to le af w at er p o te n ti目 15 126 ]

[
.

{。、
”

{
乓 = ‘

口

「
‘十

(贡月
10 )

w he re dl 15 leaf di me
n sio n (m )

, u i 15 w in d sPee d w ith in

th e ean o py l盯er (m s一 ’)
,

rs 。
15 sto m 耐 re sistan

e e (m

s一 , ) w i也 n o w
ater

stre ss (assu

me d e o n s

tan t)
,

诚 is a

e ri ti c al leaf w ate
r Po te n ti al (m ) at w hi e h sto m at al re

-

sista n e e 15 tw ic e its 而
n ir nu m v al u e

,

an d n 15 an e m
-

Ptri e al e o e伍 eie n t
,

柳 15 leaf w ate
r Po te n 桩al

.

In R Z W QM m o d e l
,

th e fi eld 15 di v ide d in to tw o

l盯e rs
,

th e 5 0 11 su rf a c e
an d th e e

an
o py【1 11

.

仆
e to t习

fl u x of late n t h e at ab o v e th e ean
o Py (i

.

e
. ,

at th e m ea s -

u 丁e r n e n t h e ig ht) 15 w ri tt e n a s th e su m o f late
n t he a t

台。m th e ean o Py an d th e bare an d re sidu e e o v e re d 5 0 11

are as :

ET
= T + cs Es + cr 双 (1 1)

w h ere E 双 T are
e vap o tr an sPirati o n

an d ean o Py tr an
-

sPir ati o n rat e re sPe e ti v e ly
,

cs an d cr are th e fr a eti o n s

o f a u n it su b str a te are
a o e eu Pie d by bare

5 0 11 an d re si
-

d u e
,

cs + Cr 二 l
,

Es an d Er are th e e v a Po r a ti o n Pe r u n it

are
a o f bare

o r re sid u e
一
eo v e re d 5 0 11 re sPee ti v e ly

.

If th e ai r v
ap o r Pre ssu re d e fi e it a t th e h eig ht o f

th e ean o Py ai r stre am (V PD o)
,

late n t h e at fr o m th e

ean o Py ean b e e x Pre sse d by

,

_ △[(Rn 一 G )一 R
n s u b ] + PC

,

(VP D 。)/ rac
几I = 一

△ + r( 1 + rsc / rac )
(12 )

w h ere 习2 15 th e

me an leaf b o u n dar y lay e r re sista n c e

o f am Phisto m at o u s le av
e s Pe r u n it su rfa e e

are
a o f

v e g e ta ti o n
.

(111)L ink a g e o f S H AW w ith th e R Z W QM m ed el
.

W he n th e ro u tin e s fo r o v e r一w in ter C o n d itio n s in th e

SH AW w as in e o rp o rate d in to th e R Z W QM m od e l
,

e x Pre ssio n s fo r u n sat ur ate d hydr a u lie eo n d u e tiv ity
,

5 0 11 m atri e Pot e n tia l o f th e R Z WQM
,

th e s ta te e q u a
-

tion fo r v ert ie al te m Pe ra tu re d istri bu tio n an d w ate r

fl u x in 5 0 11 fr o m th e SH AW
,

to g e th e r w ith a n ad d i
-

ti o n al e q uati o n p r o v id e d by Fu e h
’
5 e t 目

.

127 1 w e re u se d

to so lu te Pr ob lem s a sso e iate d w ith 5 0 11 w a ter an d he at

fl u x tr an sfe r w hen eo u Plin g
,

thi s in ter a e tio n s o f 5 0 11

w ate
r re d istri bu tio n rou ti n e s m ad e it n e e e ssa ry to r e

-

tai n th e R Z W QM
,
5 so lu ti o n o f the 形ehar d

,
5 e q u at io n

w ith in th e R Z
一

SH A W fo r dec ou Plin g th e 5 0 11 h e at an d

w ate
r str ate g ie s o f the SH A W mo de l Pri o r to im Ple

-

me
n ti n g the

e n e rg y ro u tine
s

fro m the S H AW in to th e

R Z W QM mo de l
,

Ab
o v e the 50 11 su rf ac e

,

th e R Z
~

SH A W ro u tine s fo r he at an d w a te r tr an sfe r w ith in the

c an o Py
,

sn o w an d re sid u e laye rs

are
so lv e d m u e h the

sa m e w ay a s in SH A W mo d e l
.

D e
tai led n u

me ri e a l
so lu tio n s w er e p r o v id e d b y Fl e rc h in g e r e t a l

.

117 1
.

o nc e

th e SH A W m o d e lh ad be e n e o u Ple d w ith th e R Z W QM

m o d e l su e e e ssfu lly
,

ro u tin e s fo r n et r ad iatio n
,

su ri 泊c e

e n erg y b alan e e an d tr an sfe r w e re a lso in e o rp o ra ted

in to th e R Z
一

S H AW m o d e l
.

2 R es u lts

2
.

I w 七ath e r e o n d itio n s
an d 5 0 11 w a te f eo n te n t

D ai ly Pa ttern s o f e n v ir o n

me
n tal v

ari ab le s su e h a s

air te m Pe ra tu re
,

Ph o to syn the
tic ac tiv e rad iati o n ,

w ate
r

v a Po r Pre ssu re d e fi e it
,

Pre e iPitat io n an d 5 0 11 mo istu re
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尸食

三任z--己u-.“甲任。巴任之

d u ri n g th e s u

nun
e r m ai z e gr o w th pe ri o d in Z加3 are

sh o w n in fi g
.

3
.

A v e r a g e air te m Pe r

atu re an d Pho to
-

syn th e ti e a e ti v e r adi ati o n w e re 2 5
.

9 oC an d 4 9
.

9

沁m-
Z d

一 1 re sp e e ti v e ly
.

仆
e s u m o f p re e ip ita tio n w a s

2 7 1
.

1 幻n幻。 (2 3
.

2 刃n n l le ss th an the a v e ra g e v a lu e in th e

Pas t y e ar s) fo r th e su ln llle r m ai z e gr o w in g s e as o n s
,

o e e u Pie d ab o u t 4 0
.

2 % o f th e to ta lam
o u n t in th e ye ar

o f Z的3
.

D yn 田叭ic o f su rfa e e 5 0 11 m o is tt ir e o v e r th e

m ai z e g ro w th Pe ri o d w as Pre s e n te d in fi g s
.

3 (e )
.

Th
e r e

w a s n o w ate r d e fi e it o v e r th e m ai z e gr o w th Pe ri o d
,

5 0 11 h u而di ty in th e ro o t z o n e re m ai n e d 6 5%一7 0 % o f

th e fi e ld w ate r e aPac ity
,

w hi e h a llo w in g fo r Po te n ti al

e v aPotran
sPirati o n ra te s (fi g

.

3 (幻)
.

2
.

2 M a ss an d e n e rg y tr an sfe r o v e r th e su 们n r o e r m ai z e

fi e ld

( i ) D i帅ai v
ari ati o n s o f s u

rfa
e e fl u x e s e x c han g e

.

Th e
me an d iu m al cy e le s o f w ate r v aP o r an d he at

fl u x e s a s w e ll a s C 0 2 fl u x d而n g th e m ai z e g r o w th

pe ri o d fro m jo in ti n g to m a tU re s ta g e (D O Y 2 0 1 to

D 0 Y 202 ) are
sho w n in fi g

.

4
.

D iu m al Pa tte m s o f Hs
sho w ed th e sh a pe o f in v e rt e d

“
U

, ’ shi fte d to th e fo re
-

n o o n w ith a m a x imu m v alu e ar o u n d 1 1 :3 0 (B e ijin g

ti me )
,

w hi le LE e劝 ib ite d an in v e
rte d

“
V

” w ith a

m a x im u m va lu e ar o u n d 13 :(X)
,

a b o u t an ho ur la te r th an

Hs (fi g
.

4 (a ) )
.

D iurn
al e han g e o f C 0 2 sho w e d an

a syn u n e tri e al
”
V

, , e u rv e an d th e m ax ima l r a te s o f it

OC c

UrTe
d at a b o u t 1 1: 3 0 (fi g

.

4 (b ))
.

l0

3 0

20

l0

0

一1 0

0
.

4

0
.

3

0
.

2

0
.

1

3 50
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30 0

2 5 0
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16 0 ! 8 0 20 0 22 0 2 4 0

D ate (Ju l, a n
da y )

26 0 2 8 0

Fig
.

3
.

D ai ly av e r a g e Pho to syn th e tie a lly a e t一v e ra d la rlo n (PA R )
,

w a te r

v
aP

o r d e fi e it (v PD )
,

ai r te n lpe r a tu re (刀 24
一

h s u m m e d r a ln fa ll
,

m e a n

5 0 11 v o lu m e tri e e o n te n t i n o-- 一5 e m la ye r an d w ate r s to ra g e i n th e r o o t

z o n e ( (卜一4 0 cm ) d u ri n g th e s u m m e r m a l沈 g ro w th pe ri od
.
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W旨te r, he at fl u x e s a n d w a te r u s e e
ffi

e ie n e y m e a su r e m e n t an d m o d e lin g 2 1 3

沙/的-u。uod三
。。济恤�。口山

(11) S e a so n al v
ari ati o n s o f e n e rg y b u d g e t e o m PO

-

n e n ts an d C 0 2 fl u x
.

V ari ati o n s o f d a yti me (0 7 :《冷一

19 :0() ) e n e r g y bu d g e t e o m Po n e n ts in s ix Ph o n o lo g ie a l

sta g e s o f th e su n u n e r m ai z e w e re e x a而n e d
.

W ate r

vap o r fi u x sh o w e d a sig ni fi e an t s e a so n a l vari a ti o n (fi g
.

5 )
.

B e fo re le af e

me rg e n e y, so lar ra d ia ti o n w e n t to th e

50 11 w ith o u t th e sh ad in g e
ffe

e t o f th e e an o Py
,

w hie h

led a slig hi hi g he r o f w ate r v aPo r fl u x th an 5 0 11 he at

fl u x
.

Afte r th e jo in ti n g sta g e
,

th e e an
o p y d e v e lo Pe d

w ith th e rap id in e re a se o f th e le a f are
a

,

w a te r v aPor

fl u x in e re a sed gr e at ly w hile 5 0 11 he at fl u x
de e re a s e d

,

an d th e Pro Po正o n o f it to th e n e t r a di at io n (G IR
n

) de
-

e li n e d fro m 2 8
.

9 6 % in s e e d lin g t o 7
.

5 0% in th e m a
tUr

e

sta g e
.

H o w e v er
,

thi s d e c lin e d Pr o Po rt ion had an in
-

e re as e to 9
.

05 % w ith le af s e n e s e e n e e in th e m a tu r e

sta g e
,

w ate r vaP 0 r fl u x du ri n g th is Peri o d be g an to

ds e re a s e
.

Wi th th e su ffi e ie n t 50 11 w ate r su PPleme
n t

廿止。u g h the gr o w th Pe ri o d o f the
su 们。r o e r

~ ze
,

the
Pro Po川 o n b e tw e e n th e w a te r v

ap o r fl u x
an d th e n e t

r adi ati o n in e re a se d w ith th e e ro P d e v e lo Pme
n t an d

m ax i而z e d duri
n g th e 而lk

一

fi llin g sta g e w ith th e v a lu e

o f 6 0 %
,

th e n d e e re a s e d m o d e r a te ly in th e m a tu re sta g e
.

认厄te r v
aP or fl u x w as a m ai n c o n su n 1Pti o n c o m Po n e n t

o fth e e n e 堪y bu d g e t (fi g
.

5 )
.

V ari ati o n s o f th e CO Z fl u x in th e d e v e lo Pme
n t

Pe ri o d s b e g an w ith jo inti n g are Pre se n te d in fi g
.

6
.

C O Z fi u x o v er th e ean 0 Py w as lo w w ith th e 11而te d

le af are
a in th e jo in ti n g sta g e o f th e su n ll n e r

ma iz e
,

its

m ax im 习 v习u e w a s 0
.

9 m g m 一 2 5 一1
.

w i山 小e in e re a s
-

in g le af are
a

,

C 0 2 fl u x in e re a s e d an d m ax i而z e d w ith
a v a lu e o r 2

.

0 姚 m--
Z s一1 in sp in

,
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5
.

E n e rg y b u d g e t e o m po n e n t s in th e Ph e n o lo g ie a l s ta g e ·

th e gr o w th o f th e su rn rn e r m ai z e
,

th e n d e e re a s e d

slo w ly d u ri n g th e m atu r e sta g e w ith a v alu e o f 1
.

2 m g

m--
Z s一1

.

(111) 认厄te r u s e e ffi e ie n e y o f the su

nun
e r
ma iz e

·

H al f- ho ur ly re e o rd s o f w a te r v aPo r an d C 0 2 fl u x e s

in fo ur re Pre s e n tati v e e o n ti n u o u s d a ys d uri
n g th e fo ur

d e v e lo Pme
n t sta g e s Oo in tin g

,

ta ss e lin g
,

而Ik
一

fi llin g

an d m a tu r e s tag e s) w e re s e le e te d to d e te rn lln e th e w a
-

te r u s e e ffi e ie n e y in th e e o
rre

sPo n d in g Pe ri od (fi g
.

7 )
·

D uri
n g th e n ig ht

,

w h e n C 0 2 fl u x w a s Po s iti v e
,

in d i
-

e a tin g th at the e r o P syste m r e le a se s e ar b o n to th e

atm o sPhere
,

w at er u s e e ffi e ie n e y w as lo w an d n e g ati v e
,

an d it be e 田旧e n e ar to ze ro ar o u n d sU n r ise o r sun se t

w he n th e Ph o to sy n th e s is an d re sPirati o n o f th e m ai ze

ke Pt bal an e e
.

w 巨te r u se e ffi e ie nc y in c re a s e d w ith th e

Pho to syn th e t ie Pho to n fi u x de n sity (PPFD ) a ft e r su n
-

ri s e a n d r e a e he d a s t ate o f e q u ilib ri u m a t a r o u n d

州) 一
Jo in t in g

一石 H e a d in g

M ilk
一fi llin g

M a tu 代

0‘
曰0户气‘ 」I1n

几
州日

.0.5

⋯0
0--0--l-l-2

的已洛“当l气OQ

一 2
.

5
12: 00 12 : 0 0 0 0 :OC

Ti m e
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Fig
.

6 V an
at io n s o f C 0 2 fl u x i n fo u r Ph e n o lo g ie a l s ta g e s
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Fi g
.

7
.

叭伯宜e r u se e ffi e ie n e y in fo u r Pho n o lo g ie a l s ta g e s .

(a )一(d )

re Pre se n t jo i
n tin g

.

h e ad in g
.

m ilk
一

fi llin g a n d m a tu r e s ta g e s re s
pe

e ti ve ly)
. F ig

.

8
‘

M e as u re d a n d s im u la te d e v o ]u t二o n s o f L A I
.

10 :的
,

th e n d e e re a s e d aft e r 1 7 :
(X)

,

a v e r ag e v alu e o f

wate r u s e e ffi e ie n e y ran g e d 7
.

6--
10

.

3 9 k g
一1

.

^ fte r 山e

jo in ti n g sta g e
,

w ater u s e e ffi e ie n e y o f th e

蒯
z e in

-

e re ase d w ith th e e

ano Py de v e lo Pm e nt an d m ax i而z e d

in th e sp in sta g e o f th e e ro p w i山 a v azu e o f 24
.

3 9 kg
一 1 ,

th e n de e re as e d slo w ly w ith th e d e clin in g Pho to syn
-

th e ti c ab ility o f th e e ro P e o n lln u n ity an d th e c o n c ur
-

代 n t in ere
as e d r e sPirati o n e o n su m Pti on in th e e n d o f

th e 而lk
一

fi lli n g s
tag

e
.

V 自r iati o n s o f w a te r u se e ffi
-

c ie n e y e x hib ited th e 5 1而lar Pa tte m w ith th e re su lts in

Shij iaz hu an g
,

w址e h 15 lo e ate d in 小e s

ame
te rr 掀n i 28 1

.

2
.

3 S ir n u lati o n w ith R Z
一

SHAW
r n o

de l

( i ) M o d e l s imu lat e d le a fare
a in d e x (L户J )

.

LA I

h a s an in fl u e n e e o n th e su ri 触e e e n e rg y ba lan e e an d th e

P顶ti on o f ET b e tw e e n 5 0 11 e v即or ati o n an d cr 叩
汀a n sPira ti on

.

In a d di ti o n
,

it 15 o n e o f mo
st im P0 rt an t

Par a m e te rs in th e

mo de ls fo r th e sim u lati
o n o f th e e ro P

岁。w th
,

dyn a面 e o f th e su ri 汤c e fl u x e s e x e han g e ,
e tc

·

Fi g
.

7 d e Pie ts th e

me
asur e d an d m o de le d e v o lu ti on o f

L A I 廿ir o u g h o u t th e g ro w th Pe ri o d o f th e su n ll n e r

m ai z e
.

I t sho w e d th at th e tre n d o f th e s u n u n e r m ai z e

g r o w th simu late d by R Z
一

SHAW w ith dai ly me te o ro
-

lo g ie al data se t su e h a s 而n imu m an d m ax im u m te m
-

pe ra tU re
,

w in d spe e d
,
r ad iati o n

,

an d re la ti v e hu而di ty

斤。m so w to h ar V e s t w a s 5 11垃lar w ith th e m e a s u r e d

re su lts w ith a slig hUy hig he r Pe ak v al u e s th an th e Ia t
-

ter (fi g
,

8 )
.

(11) D yn a而e o f w a te r v aPo r fl u x an a lys i s an d

s im u la ti o n
.

W a ter v aPor fl u x m e a s

ure d w ith e d dy

e o v
ari an e e sho w e d a s ig n ifi e an t d i呱

a lv
硕at io n w ith

a Pa tte rn o f lo w er v al u e s o c e

urn
n g s u丽 s e an d su n s e t

w hi le m ax imu m v ai u e s aPPe ar e d at ar o u n d 12 :仪卜
-

14 :
的

.

D 如n g th e e n tire m ai z e g r o w th pe ri od
,

hal f- h o
url y an d dai ly ob s e rv at io n s o f w at e r v ap o r fl u x

幻。a x i而 z e d o n A u g u s t 10 (D 0 Y 2 2 2 ) w he n th e m a iz e

w a s in its tas s e lin g sta g e an d th e Po te n tia l fo r

e v aP
o tr an sPir ation w as gr e a t

.

Pe ak
v al u e s fo r th e m

w e re 4 5 6
.

2 5 w m 一2 (0
.

5 5 nun H Zo h
一 , ) a n d 2 4 2

.

5 2

w抓
2 (一0

.

2 mm H Zo ‘l) re sp e e tiv e 一y wa
te r v ap o r

fl u x e u

mu late d fo r th e w ho le gr o w th e o ur s e s w as

3 85
.

3 I n lll
,

w hi ch 15 gr e a ter th an th e to tal Pre e iPita tio n

in th e s田的e stu dy Pe ri o d (2 7 1
.

1 In r n )
.

D ai ly E T e stima te d by th e

RZ
一

SHAW m o d e l a n d

th e m e a s

ure d v a lu e s t址o u g h the e n tire gr o w th Peri
o d

o f th e su r n r n er rn a lze are
sho w n in fi g

.

9
.

Th
e sq u are

o f th e lin e ar re g r e s s io n c o e ffi e ie n t 15 0
.

8 3
,

in d ic atin g

th at th e

mo de l Pre d ie te d E T had a g o o d ag r e e

me
n t

w ith th e v al u e s

me
a s

ure d w ith e d dy e o vari an e e
.

TO ta l

w ate
r v

ap o r fl u x Pre d ie te d w a s 3 96
.

2 们nm
,

a b o u t

2
.

7 3% 红e ate r th an the me as ur e d val u e (fi g
.

10 )
.

A s ix
一

d ay Peri o d ft o m A u g u st 17 (D 0 Y 2 3 5 ) to

A u g u st 2 2 (D 0 Y 2 4 0 )
,

in e lu d in g c lo u d y d a ys
,

w a s

s e le e te d fo r th e c o m P硕
s o n b e tw e e n m e a s u re d a n d

m o d e l
一
e s tim a te d ho u r ly E T v a lu e s by r o o t m e a n
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.

A e c u m u la te d e va Po tr a n sPira t io n m e a s u re d a n d e s t im at e d
·

sq uare
e rro

r (R M S E )
,

syste m ati e
me an sq u

are
e rr or

(M SE s) an d in de x o f ag r e e r n e nt (IA ) (tab le l)
·

一
SE 一

厚 ( 15 )

w he re yi 15 th e ith o b se rv e d E T, x i the ith e stim a te d E T,

夕
‘ th e ith Pre di c te d E T thr o u g h th e s imP le lin e ar re

-

盯e ss io n an d 万 15 th e

me an
o f th e e s tim a te d v al u e s

.

A ll i n di e e s o f a g re e

me
n t in ta ble 1 w e re ab o v e

0
.

7 5 an d R M S E w e re n o m o re th an 1
.

0
,

in d ie a tin g th a t

w ate
r v aP o r fl u x e s e sti m a te d b y R Z

一

S H AW w e re sat
-

isfy in g
·

(111) 、恤ria tio n s o f e n e r g y b u d g e t c o m Po n e n ts

an al ys is an d Pre di e tio n
.

升Pie al e le ar sk y d a y s in th e

Pri m ary Pho n o lo g ie al st ag e s w e re s e le e te d to e har ae
-

te ri ze th e di urn al v
涵atio n s o f e n e rg y b u d g e t e o m Po

-

ne n ts
.

Fig
.

1 1 de Pie ts me
a s

ure d an d m o d e le d val u e s o f

e n e rg y b u d g e t c o m Po n e n ts o n Ju n e 4 (D O Y 1 8 5 )
,

Ju n e

2 9 (D 0 Y 2 10 )
,

A u g u s t 2 0 (D 0 Y 2 3 2 ) an d Se Pte m be r

1 6 (D 0 Y 2 5 9 )
.

It sho w e d th at th e re su lts s im u lat e d b y

R Z
一

SH A’W in fo ur c o ur s e S h ad s im llar tfe n d s w ith th a t

me
a s

ure d by e d d y e o v
ari an e e

.

D iurn al vari ati o n o f LE

e o in e id e d w ith R
n ,

b o th o f th e m had a ra Pid in e re as e

aft e r su丽s e
,

Pe ak e d at aro
u n d 12 :侧} 一 13 : (X) the n d e

-

e re a se d
.

C o m Pare d w ith LE an d R
n ,

Hs an d G ha d

lo w e r v alu e s an d q u ite sm o o th v
ari at io n

.

Pr o Po rt io n s o f L E to R
。

(乙石吸
n

) in th e Pho n o
-

lo g ie al sta g e s e stim a te d b y R Z
一

SH AW w e re slig hti y

hi g he
r th an

e o rr e sPo n di n g me
as

ure d v al ue s e x e eP t the

m atu re s tag e o f the su rn r n e r m a iz e
.

Th is 而g ht d e ri v e

fr o m th e d iu rn a l w ate r v aPo r fl u x d is e re Pan e y o b
-

s e rv e d o n th e d ay s w ith hig h v
ap o r Pre ss

ure d e fi e it
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Fig
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1 1
.

D ai ly v
硕a tio n s o fR

n ,

G
,

LE an d 从 in sele ete d c lear d ays (cir e le : m ea su re d v a lu es : lin e : sim u la te d v a lu e s)
.

an d in te n s ive a d v e e ti o n
,

rej ee t o f d a ta re e o rd s w i而n

2 4 h a ft e r th e rai n fal l而g ht im Pae t th e re su lts in 时di
-

ti o n
.

Max im a l LEI R
。

an d LEI R
。
Pre di ete d b y R Z

-

SHA W w e re 65
.

3 7 % an d 7 0
.

2 4 re spe eti v e ly
,

b o th o e
-

e u币n g in th e 而Ik
一

fi llin g sta g e
,

w hile G IR
n

ran ge d

介。m 6
.

9 4 % to 2 2
.

64 %
.

3 C o n e】u sio n ‘

Ph o to syn th e ti e Ph o to n fl u x d e n sity (PPFD ) aft er su n -

ri se
, a sta te o f e q u ilibri u m at ar o u n d 10 :(X) fo llo w e d a

d e c r e a se
.

Th is PaPe r e hara
e teri z e s v

ari a tio n s o f e n erg y

bu d g e t eo m Po n e n ts (R
n ,

G
,

乙E an d Hs ) an d CO Z fl u x

m e a s

ure d w ith th e e d dy
一
c o vari an e e te ch n iq u e as w e ll

a s ero P w a te r u se e
m eie n e y

,

an d th e re su lts we re u se d

to v al id at e th e R Z
一

SH 戌W m o d e l in e stim at in g E T an d

e n e rg y fl u x e s o v e r a su r n r n e r m ai z e fi e ld
.

Th
e fo llo w

-

in g e o n tri b u ti o n s ha v e b ee n m a de :

(l) D iu rn al Patt e rn s o f Hs sh o w e d th e shaP e o f

ill v e叱d “
U’’

,
shifte d to th e fo re n o o n w ith a m ax im u m

val u e a t aro
u n d 1 1 :3 0 (B e ijin g ti m e )

,

w hile LE e xh ib
-

ite d an in v e血d
“
V

, ,

w ith a m ax irn u m v al u e at ar o u n d

1 3 :
(X)

,

ab o u t an h o u r late
r th an Hs

.

D i附al ehan g e o f

CO Z sho w e d an asy fl ll n e tri eal
“
V
” e

urv
e an d its m a x i

-

m al r ate s o ee u rr e d at ab o u t 1 1 : 3 0
.

V 么riati o n s o f w ater

u se effi e ien ey du ri n g th e Pho n o lo g ical sta g e s o f th e

su r n r ne r m ai z e sh o w ed a ra Pid in cre ase w ith th e

(2) D iurn al vari at io n s o f e n e rg y bu d g e t c o ln Po
-

n e n ts Pre d ie ted h ad th e 5 1而lar tre n d s w ith th e m e as -

ure d re su lts
.

巧。POrt io n s o f L乙IR
。
in six Pho n o lo g iea l

sta g e s e sti m ate d by R Z
一

SH AW w e r e slig htly hig h er

th an th e e o

rre
sPo n di n g me

a sur ed v al u e s e x e ePt th e

m a加 re sta g e o f th e su n u n er m ai z e
.

Pe
ak

v alu e s o f LE/

Rn Pre di e te d an d m e a s

ure d oc
c u
rre d in the 而Ik

一

fi llin g

stag e
.

(3) D ai ly ET Pre d ic te d by R Z
一

S H 戌W ha d a g o o d

a gr e e

me
n t w ith the m e as

ure d v al u es
an d the sq u

are
o f

th e lin ear re g re ssio n e o e ffi eie n t 15 0
.

8 3
.

D iurn
al v

ari a
-

ti o n o f w ate
r vaP o r fl u x sim u la te d w a s in a g re e m e n t

w ith th e m e a s

ure d re su lts
.

A n d statistical an aly sis in
-

di c ate d th at th e in d iee s o f agr ee m e n t (IA ) fo r h o u rly

w a te r v
ap o r fl u x e s sim u la te d an d m e a sur e d w ere

a bo v e 0
.

7 5
,

th e r o o t
me

a n sq u

are
e
rm

r (R M SE ) w a s

n o m ore th an 1
.

0
.

Th
e se re su lts su g g e ste d th a t th e R Z

-

SH AW m o de l w a s a u se fu l to o l fo r estim a tio n o f

e vap o tr an
sPir atio n a s w e ll a s sim u latio n o f su

rfa
ee

en erg y tr an sfe r.



叭白te r, he a t fl u x e s an d w at e r u se effi e ie n e y m e as u re me
n t a n d m od

e lin g 2 17

A c k .
僻l叨g e. e. ts Th

e a u th o r s w o u ld l议e to th a n k the

Yu
c hen g

Sta ti o n ,

In sti tu te o f G e o gr aP hie Se ie ne e s
an d N atu ral R eso ur e es R e

-

犯arc h
,

Chi n ese A c
ad

e m y o f Sc ie n ce s fo r ki n d ly p r o v id in g d ata se ts
·

W 七 ar e in de bte d to G eral d
,

N
.

Fl erc hin g er, H u i D afe
n g

,

Pe ter A n th o n i

an d B ever ly E
二

L aw for th eir v al u able ad
v ie e a n d he lP

.

Th
e w o rk w as

su仇均 rt ed by th e N a ti o n ai S eie n e e

Fu
n d fo r o ve r sea s

Ou
tstan d in g

丫b u th (G ran t N o
.

4 0 3 2 8(X) 1 ) an d th e K ey Re
se

are h Plan
o f th e

Kn
o w l

-

ed g e In n o v a ti o n Pr oj
ec t o f th e In sti tu te o f G e o g r

aP hic S cie n c es
an d

Natu
ral Re

so u rc e s R e se

are h
,

C hin e se A e a
de m y o f Se ie n e e s (G ran

t N o
·

KZ CXI
一

SW
.

o l)
.

双淤介re n CeS

1
.

R an
a ,

G
,

Ka te rji
.

N
. ,

M e a su re m e n t an d e sti m a tio n o f ac tu al

ev
aP

o tr an sPir ati
o n in th e fi eld u n d e r M e d ite rr a n e

an
elim ate

: a re -

v iew, Euro Pe 叨 Jo u rn ai o fA gr o n o

my
,

2峨洲洲)
,

1 3 : 12 5一15 3
.

2
.

B ai docc hi
,

D
.

D
. ,

、恤len tin i
.

R
. ,

o e
ch el

,

W
.

e t al
. ,

Str ate g ie s fo r

m ea suri
n g an d m od

eling ear b o n d io x id e an d w a

ter
v aPo r fl u x e s

o v er terr es tri al ec o s yste m s
.

G 10 bal Ch an g e B io l
·,

19 9 6
,

2 : 15 9一

16 8
.

3
.

M o n te ith
,

J
.

E
. ,

E v
aP ora

tio n an d E n v

iro
n m e nr

,

S ym P
.

So e
.

E x p l
·

B io l
. ,

19 6 5
.

1 9 : 2 0 5一2 3 4
.

4
.

N o ilham
.

J
. ,

Plan to n ,

5
.

A
. ,

Sim Ple Par am
ete ri z atio n o f lan d su r -

faC
e Pr

oc
es se s fo r m ete o r o lo g ie al m ed

e ls
,

M o n
.

W 七a
.

R e v
. ,

19 8 9
,

11 7 : 5 3 6一5 4 9 3
.

5
.

D e ar d o ff, J
.

W.
,

E ffi e ie n t Pre d ietio n o f g r o u n d su rfa c e te m Pe ra
-

加代 阴d mo istU re w ith in elu sio n o f a lay er o f v e g eta tio n
,

J
.

G e o -

Phys
.

R e s
. ,

19 7 8
,

83 : 18 8争一 19 0 3

6
.

Se lle rs ,

R J
,

Su d
,

Y. C
二

D al ehe r, A
. ,

A sim Ple b io sPhe re m od
e l

SIB for
u se w ith in g e n eral e

irc
u lati

o n m o d e ls
,

J
.

A tm
o s

.

S c i
”

19 8 6
,

4 3 : 505 se 5 3 1 5
.

7
.

A e e ,

E
. ,

M山ai lo v ie
,

D
.

T
,

A e o u Ple d 5 0 11 m o istu re an d su ri触c e

te m pe
ra tu re Pr

比ie ti o n m od
e l

,

J
.

A pp l
.

Met e o r.
,

19 9 1
,

3 0 : 8 12一
8 2 2

.

8
.

o ltec hev
,

A
. ,

C o n s

tan
tin

,

J
. ,

G ra ve
nh

o rst,

G et ai
. ,

APPlie ati
o n o f

a six
一
lay

er S V AI
,

m od
e l fro m sim u la ti o n o f e v

ap
o tr an 印ir atlo n

an d w a姗
u P。山e in a sPar se fo re st

,

Ph ys ies 胡d Che
而

s

tI’y
o f th e

D 川h
.

19 9 6
,

2 1(3 ): 19 5一19 9
.

9
.

K u s

tas
,

W. R
,

o n u sin g 而
x e d

一

la yer tr an s
po rt Par a ro ete ri z a ti o n s

w ith rad io me tri e su ri 触c e te m pe
r

atu
re

for
eo m p u ti n g re g io n al se目e

se n sib le he at fl u x .

B o u n dary
一

la yer M ete o r o l
. ,

199 6
,

8 0( 3 ): 20 5一
2 1 1

.

1 0
.

儿m
.

C
.

P.
,

lm Pac t o fso ilhe忆ro g e n eity in a m ix ed
一

laye r m od
e l o f

th e Plan
etary bo

u n dary lay e r, H yd r 0 1Og ie al Se ie n c e s Jo u m al
,

199 8
,

4 3(4 ): 6 33一石5 8
.

1 1
.

U S D A
一

A R S
,

R oo t z o n e w ate
r q ua lity m od

el
,

R ZW QM 9 8
,

G PSR

几
c hn ical R e Port N o

.

3
.

U SD A
一

A R S G re at Plai n s Syste m s R e
-

se ar e h Unit
,

R
.

C of lin s
,

CO
,

19 9 8
.

12
.

Fl erc hin g er, G N
. ,

H an
so n ,

C
.

L
. ,

Wi g ht
,

J
.

R
. ,

Mod
e lin g o f

e vaP
o tr an SP ir at io n an d suri 触c e e n

erg y b u d g e ts ac ro ss a w ate rshed
,

研厄ter

Re
so
ur. Re

s
. ,

1 9 9 6
,

3 2(8): 2 5 3争一 2 5 4 8
.

13
.

Fl erc hin g er, G N
. ,

C oo l即
,

K
.

R
. ,

D en g
,

丫
,

Im Pac ts o f sP a ti al ly

阴d te mP
o ral ly v

ary in g sn o w me lt o n su b su rf ace fl o w in a m o u n -

tai
n o u s w ate

rshed
,

1
.

S n o w m e lt sim u lat io n
,

H ydr o l
.

Se i
.

J
,

19 9 4
,

3 9 : 5 0 7一5 2 0
.

14
.

Fl e rc hin g e r
,

G N
. ,

Coo le y
,

K
.

R
. ,

H an
so n

,

C
.

L
.

e t al
. ,

A u n ifo rm
v e r su s an a g gr e g ate d w a te r bal an

ee o fa se
而

一

硕d w a te rs hed
,

H y
-

dr o l
.

所。 c
,

19 9 8a
,

12 : 3 3 1一3 4 2
.

1 5
.

Fl e rc hin g e r
,

G N
. ,

H an
so n ,

C
.

L
. ,

W ig ht
,

J
.

R
· ,

Mod
e lin g o f

e v
aP

o tr an sPirati
o n

an d su

rfa ce e n erg y b u d ge ts ac r o ss a w a忆r shed
,

W 台te r R e so u r
.

Re
s

. ,

19 9 6 b
,

3 2(8): 2 5 3 9
~ 一2 5 4 8

.

16
.

Fl e rc hin g e r
,

G N
”

K u sta s ,

W. P,
.

W eltZ
,

M
.

A
· ,

S im u la ti n g su rfa
e e

e n e rg y fi u x e s an d r . d lo 眼tri e su ri触ce te m pe
ra tu re s fo r

tw
o
ari d

v eg e ta ti o n e o n lr n u n iti e s u sin g th e SH AW m od
e l

,

J
.

A PPI
.

M ete o -

r o l
.

,

19 9 8 b
,

3 7(5 ): 44 争一4 6 0
.

17
.

Fle rc hin ge r ,

G N
. ,

A ik e n
,

R
.

M
,

R oj as
,

K
.

W.
et al

,
D e v e lo Pm e n t

o f th e r o o t z o n e w ater q u ai ity m od e l (RZ W QM) fo r o v er- w inte r

eo n d iti o n s
,

A m e ri e
an Soc ie ty o f A gh

eu ltu ra l E n g in ee r s
,

1999
,

4 3(l): 5 9一石 8
.

15
.

u
e

,

x
.

H
,

Y u
Q

,

S un x
.

M
.

e t a l
. ,

M ie ro m ete o r o lo g ie a l flu x e s

u n
de

r th e in fl u en ce o f re g io n al an d loc al ad
v ec ti o n : a rev isit

.

Ag
-

ri eu ltu ral an d Fo re st M e teo ro lo gy
,

2创:娜
,

1 2 2 :

川一 1 24

19
.

Fal 罗
,

E
.

,

B al doc
ehi

,

D
. ,

o lso n ,

R
. ,

G ap fi llin g s

tra te g ie s fo r d e
-

fe n sib le an n u al su m s o f n et e e o syste m e x ehan g e
.

Agh
.

Fo 花st

M e te o r o l
,

2(X) l
,

1 0 7 : 4 3
~一石9

2 0
.

B la e k
,

T A
. ,

E th ier, G J
. ,

D e w i氏 G B
. ,

A n n u a l an d se aso n al

v
颐的ility o f sen sible a nd late

n t hea t fl u x es a
bo

ve a eo a s
tal

D o u g la s
一

fi r fo re st,

B ri ti sh CO lu m bia
,

Can ad a
.

E
.

R
.

H u m Phre ys
.

A gh
.

Fo re st M ete o ro l
. ,

2(X) 3
,

115 : l侧) 一 12 5
.

2 1
.

K e ll
.

B
. ,

W ilso n ,

D
. ,

B a ld oc
e hi

,

D
. ,

S eas o n al a n d in te r a n nu a l

v
ari

a bility o f en e rg y fl u x e s o v e r a b r o
ad lea v

ed te m pe
r a te d e cid u -

o u s fo 此st in N o州如 Ame ri ea
,

A gh
.

FO re st M e te o ro l
二

2 1洲洲)
,

l(X)
:

l一18
.

2 2
.

A n th o n i
,

P
.

M
. ,

A n n e
讹

,

F
二

o laf, K
.

e t a l
. ,

W in te r w hea t e ar bo
n

e x e han g e in Th
u ri n g ia

,

G e

rm an y
,

A幼e u ltu ra l a nd FO re st M e te
-

or o lo g y
,

2 (X衅
,

12 1 : 55一币 7
.

2 3
.

Sn
an

e
,

M
.

H
. ,

G re go ry an f, J
.

M
二

M c Car ty
,

T R
,

W 台te r u se P爬
-

di c 石o n

for 化si d u e 们n an a g e 代呛n t sy咖ms
,

A S AE
.

st
.

1 0 sePh
,

Ml
.

Pa pe r, 19 8 4
,

N o
.

8 4一2 0 16
.

2 4
.

D e C o u rse y, D
.

G
,

E va
po ra tio n

an d tr a” sPira ti o n Proc
es耸s

,

In

R oo t Zo
n e W ate r

Q
u a lity Mod

e l (v ers io n 1
.

0 )
,

几
‘
hn ie al D oc

u -

m en切ti o n
.

FO rt C o llin s .

C O
. ,

19 9 2
,

2 9一7 4
.

2 5
.

Fl e rc hi n g er, G N
. ,

Pie rso n
,

E B
. ,

Mod
elin g Plan t e

an
o Py e

ffe
e ts

o n v
ari

a b ility o f 5 0 11 记m pe ra tu re an d w a te r, A gh
e

.

an d FO re st

M ete o r.
,

1 9 9 1
,

5 6 : 2 2 7一246
.

2 6
.

Cam Pbe ll
,

G S
,

5 0 11 Physie s w ith B A S IC :
肠阴

s
po rt Mod

e ls fo r

5 0 11
一

Plan t S yste m s
,

A m ste rda 叨: E lse v ie r, 19 8 5
,

1 50
.

2 7
.

Fu
e hs

,

M
,

Cam pbe ll
,

G 5
. ,

Pape n di e k
,

R
.

1
. ,

A n
an al ys is o f se n -

sible an d late
n t he ar fl o w in a Pan lally fr o z e n u n sa tu ra ted

50 11
,

S of l Se i
.

Soc
.

Am
.

J
. ,

1 9 7 8
,

4 2(3 ): 3 7 9一3 8 5
.

2 8
.

Zh an g
,

丫 Q
. ,

She n Y J
,

L iu
,

C
.

M
.

er al
,

Meas
u爬me

n t an d

A n ai ysis o f w a te r, he at an d C 0 2 fl u x fr o m a fa m llan d in th e N o

rth

Ch in a Plai n
,

A eta G eo g ra Phi eal S in iea (in C hin e se )
,

2印2
,

5 7 :

3 3 3一34 2
.


