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transP i
rat
ion var运tio n b et

we en m a rs h w ate r

sur fa ce a
nd E 6。:

we
re 1

.
2 a n d 1

.
0 in 1 99 0

,

l

.

7
a n

d l

.

s in l 9 9 1 少19
.
1)
.

�U�并夕七
官目�目召月分己弓a,因

」U 刃曰 J过y 人叩脚t Se Pt曰口b , O ct o b er

Fi g
.
1 A ve ra ge da

il y co
urs

e
of

lr 以. h e va po
tra n‘p ir a tfo n

5
.
T 触 以ffe ren ce

E随tw
een

E va p
o tr a n印h ti on

of M ars
h a nd E v. p

ora
ti on

of w
ate r s u

rfa
ee in

C lea r D a ys G rea 姗 t加
n T加tin C lou dy D

ays

In ele ar days
,

t h
e

te m pe

r a t
ur

e
1
5

h
ig

h

,
a

i
r

h

um

i d i t y 1
5

fo w

. ‘

I

n a

d d i
t

i

o n
t

o
t

h

e

i

nc
re

a s

in g

o

f

e v a

po

ra

t
i

o n o

f w
at

e r s u r

fa

e e

,

t
ra

n s
P

ira

t i
o n

15
s t

ren

gt h
e n e

d b
e

ca us
e t

he
l
e a

f
s

to m
a o

P
e n

an
d P

ho
to

s
y nt he

s
is in cr

e
as es

.

Al
l t h es

e

rna

k
e t h

e

ma

rs h
e v a

P
o t

ra ns P i ra
t io

n
i
nc re

a s e
g re

a

tly

,

b
u t t h

e

wa

t e r s
ur fa ce

e v a
P

o r a t io
n

h as
o

ul y
o n e

g
r o

wt
h 一w ater surfa ce

eva po ra tion
.
In

clo
udy days

,

t h
e t e

m P
e

ra
t

ure

15 l
o

w

,
a

i
r

hu
m id i t y 15 h

ig
h

,
5 0 t

he

e

va
P

o r a t i
o n o

f

wa

te
r s u r

-

几优 re d u ce
.
P ho t

o synt he sis d eCl ine
,

t h
e

l i vi
n

g t h in g ,s a e t iV i ty r
ed

u ce
,

w at
e r

q
u

an

t i t y
ne ed

e
d

les

s e n
,

t h
e

re fo re
t r

an

s
P ir

a t i
o n a

ls
o r e

d
u

ce g re
a t

ly

.

A ll t
he

s e

res

u
l t i

n t
he

d ec li
n e o

f d i f fe
r

-

en
ce b

e t w
e

en

e

va po

t
ra ns

P ir
a t i

o n o
f m

a
rs h es

a

nd

e

va
P

o r a t i
o n o

f

wa

t e r s u

rfa

Ce 仃able 3)
.

Ta ble 3 A
vera ge da ny eva 砂如. 杯ra tio

. of 血叻
a回 eva 卯m

t如。 of 贾a
ter

别川ra ee

in 山月re ren t w ea 山
er
ty , es iu l州城恤/d)

Month Clea rday Cfoudyday
EmZ E目一 D i月笼比n ce E心 E‘o一 D i

ffe

r e n
ce

J u 拙 5
.
1 3

.
0 2

.
1 3

.
7 2

.
2 1

.
5

Ju ly 9
.
3 4

.
3 5

.
0 7.8 3

.
5 4

.
3

A ugu st 9
.
8 2

.
8 7

.
0 6

.
8 1

.
7 5

.
1

Se 详
em ber 7

.
6 3

.
2 4

.
4 4

.
2 1

.
8 2

.
4

O etob er 3
.
2 2

.
3 0

.
9 1

.
8 1

.
4 0

.
4
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脚加. pim d
o.Gre. ter 恤. . E v.脚. 由

。
of W

.
te
r
S llr 加c. at M g kt

Al th
o u g h m ars h Pl ants

sto P th eir Ph
o to syn th es is at

n地ht
,

t
h 即 m us t co ntin ue

res P如
·

t
io

n
,

s t
i ll h

a

ve
P h y

s
i
o

fo g

ica

l
a

ot i vi t y

,

t
h us

,

t
he re 15

s o
m

e t
ra

n s
P 恤ti

on.A t n地ht
,

ma

rs h

Pl an
ts

c

an
wa rm

t
he

w
a t

er b
e t

we en
in d iv id

u a
l P l

an
ts

,
t

his

i
nc

rea

s
es

t
h

e e v a

po rat

i
o n o

f

wa

t

-

er su
ifa

ce 汀ab le 4)
.

Ta6]晓4 A ver. 沙 .加面y eV .洲卜.甲h d . of 破rsk
.目跳种抽咖

. of

of ”ter 例血魂 .t 目g七叹血. 了d)

M onth E二- E ‘ E . 3 E州 E 二5 E ,
E 一

Ju ne 1
.
1 1

.
1 1

.
9 1

.
2 0

.
4 0

.
6 0

.
6

July 2
.
0 1

.
8 1

.
6 1

,

2 0

.

6 0

.

8 1

.

1

A

u

g

us

t

se

P te
m 加

r

Oc to bo
r

A vera ge

2
.
3 2

.
0 0

.
7

0
.
9

0
.
9 0

.
6 0

.
8 0

.
6

0
.
9

0
.
6

1
.
0

0
.
8

0
.
7 0

.
8 0

.
9

IV
.
T H E S T A T IS T IC A L h 1 0 D E L O F M A R S H E V A P O T R A N S P I R A T 10 N

T h ere a re a lo t o f m e th o ds to c al c u la te e v a P o t
ran

sP ira tio n
,

in cl
u

d in g t h
e

m
o

ds
ls

o
f

wa

t e r

ba
l
a n

ce

,

h
ea

t

ba
la

n
ce

,

q
ua

l it y t

ran

s
fe

r

an
d

e
li m

a t i
e

i
nd

e x

.

T
he

s e

mo

d
e

l
s a

re b as ed

o n

ce rt
a

i
n t h

e o

rie

s
,

b ut
t h

e
y

a
l
s o

h
a v e

hy
P

o t h
e t

ica

l
co

n
d it i

o
ns

.

S
o

m
e o

f t
he m

o
d

e
ls

a
re

u s

ed

e x t e
ns iv

e
l y

,

b ut
t h

e
y

s t i ll
ha

v e s o

me

l而itations
.
U sin g thes em ode ls

,

we
m us

t c o n s
i d

e r t
he

fo
ca

l P h 邓ica l gco gr a P hi ca l co n d it io n s
,

an
d m

a

ke

s o
m

e e s s e n t i al
o

b
s e r

va
t io

n s

.

B
e

ca us
e

s o
m

e o
b

s e

rv

a t io
ns

a

nd

e
al

e u
la t i

o
ns

a r e
q

u
i t e o v e

rel

a
b

o
ra

t e
,

e v e n s o

me

u n

co

nun

o n
in

s t r u
-

me

n ts a
re ne ed

e
d

,

it 1
5

d i
ffi

e u
it t o u s e t

he

s e
m

o
d

e
l
s

i
n t h

e a
re

a s
la

e
k i

ng
d

a t a a

nd
h

a
vi

n
g

n o

a
p p

r o
p

r
i
a t e o

b
s e

rv
i飞 m ethods (

’〕
.
A CC

o 记ing to evapotrans Pi ratio n data observe d an d

hy dro l
ogi ca l and

elim at ic da t
a ,

we

es t a
b li

s
h

e
d t h

e s t
at is t i

ca
l m

o
d

e
l

o
f

rna

rs h

e

va
P

0 t
ra

n s
P ir

a t i
o n

.

1

。

S
e

l以灯on of 比e M 月el F鱿加rs

1
.
1 C over age de g , e e o

介
ege tation

M ars h
.

eva Porat ion
.
evaPotra nsPiration 15 the sum of the Pl ant transPira tion an d wa te

r sur fa ce

At Present,

it 1
5

d i
ffi

e
ul

t t o
d i vi d

e t h
e

m

.

B
u t w

e
m us

t e o n s
i d

e r
P la

n t
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,

t
he

mo

re
t

ra
n s

P ir
a t i

o n s

.

L
e a

f
a

re
a

1
5 t h

e 份stfa cto r to be eonsidered
.
T he le af of m ars h Plan ts

,

es P
e e

i al l y C
a r e x

l as 勿c a rPa
,

15
a s t h i

n
as l

an
ce

o
l
a t e

,
5 0

i t 1
5

d i
ffi cu

lt t o
m

eas

u
re

s
l
n

g l
e

le
a

f

are

a

.

E

ven

t h
o u

g h y
o u

ca

n o
b

s e

rv

e t
he

l
e a

f
a

re
a

,

t
he

e r

ro

r
15 b i g

ge

r

.

T h
e

ma

rs h P l
an

ts g ro w

t
hi ck

l y

,

w i t h
s

i m 让a r d en sities
,

t
he re fo re

,

t h
e t r a n s

P i
r

at io
n o

f

ma

rs h
Pl

a
nt 1

5

ma

in l y b y P la
n t

co
fo

n
y

.

o
n t h

e
g

ro
un

d
o

f t h es
e

, ,

w

e s e

l
eC

t
e

d

v

eg

e
t

a
t

io

n

co ve

r a

g

e a s
t

he
fa

e
t

o r
t

o

re fl ec

t

Pl

a n
t

co
nd

i
t

io

n

.

T h

e

re

s u

lt

o

f

o

b

s e

rva

t
i

o n s

h

o

ws

t
h

a
t t

h

e v e

g

e
t

a
t

io

n

co

v e

ra
ge

15

a

b
et te

r

fac

t
o r

t
o r e

fl
ec

t t

ra ns
P i

r a
t

io

n o

f

ma

rs h P l

a n
ts

.

1

.

2

Te

m

Pe

r
a

t
u

r
e o

fw

a
t

e r s

ur

faC

e

E

v a

po

r a
t

i

o n

15
t

he

d l fl 七
ren
ee o f w ater

mo
le cu le es ca P in g fro

m
wa
ter sur fa Ce an d re

·

t

o

i
n

g t o

wa

t e r s

ur fa
c e

.

T h
e

h i
gh

e r t h
e

w
a t e r t e

m pe ra
t u

re

,

t h
e

fas

te
r t h

e

wa

te
r

mo

l ec
u

le

mo

ve
s

,

t h
e e

as i
e r t h

e

wa

t e r
m

o
l
e e

ul
e o

ve

r

co

me

s t
he

P
u

li i
ng

fo

rce

o
f

wa

te
r s u

rfa

ce

.

F
ur

t
he

n n o
re

,

t h
e

m
o r e t h

e

wa

t e r
m

o
le

cu
le

s
es ca

P in g

fro

m

wa

t e r s
ur fa ce

,

t h
e

m
o

re
t

he

e

va
P

o r
at i

o n o
f

wa

te
r s u

d 沮ce
.

As
a
res
u lt

,

we

s e
le ct

ed
t h

e t e
m pe

rat

u
re

o
f

wa ter

s

ur fa
c e a s

t
he fa

c t o r t o
re

fle

c t h
e a t

CO

n
d i t i

o n

.

1

.

3 T 几e sa tura tioo d
ifP
reo ce o

fw
ater oa脚ur声essu re

A ir tem 详rat
ure

de cid es
the satura ted wa

ter co nten t of air
·

V

a

po
ur

P

res

s

ur

e

me

a n s

Pr

e s

en

t
a

mo

u

nt

o

f w
at

e r v a

P

o

ur
in

a

ir

.

T h

e

d
i

ffe

re

nc

e o

f

s a
t

u

ra
te d w

ate

r

va

po

u r

P

res

s

ure

an

d
Pr

es

e n
t

v a

po
ur Pr

es

s u

re
1

5
t

h

e s a
t

u r a
t

io

n

d
i fl 免re n ce of va po

u r P
res
su re

.
It 15 a fu n ct io n

of air tem Pera tu re
.
50
we
sele cted th e sat

ura
tio n d ifl泌

ren
ce o f v aP o ur P res

s
ure

as th e fa eto r

in es ta blis h ing th e
mo
d el

,
a n

d d i d
n o t u s e t h

e a
i
r t

em

pe ra
t u

re

.

1

.

4
W

in d
v e

l
o e

i t y

W
i
n

d ve l
o e

i t y in fl
u e n

ces

e
h

ao

t i
e

d i
s

pe
rs i

o n

.

T
he

b
ig

g
e r t h

e

wi

n
d

vel

o c
i t y

,

享he fa sto r the

d isPers io n
,

an
d t h

e
gr

e a
te

r t h
e e

va
P

o

rat

i
o n

.

W

e s
el ec

t
ed

n le a n
d in rn ai w in d

s

pe ed

a t l

.

s m

he ig ht
t o

es t a
b li

s
h t h

e
m

o

de
l

.

2

.

T h
e

M

o
d el F

o rl .

T h
e

m
o

de
l

o
f m

a
rs h

e v a
P

o t r a

ns
P i

rat

io
n

is as fo ll
o

ws

:

￡ = 2
.
6 5 t(0 ‘5)

.
e ( 一 3“5 , ‘)

·
s (0 4) + o

.

7 2 w 一 1
.
1

w he re
,

E 一d in m alevaPotra ns Pira tio n oftna
rs hes (m m/ d );r

w
一me

an diurnalt
etn pe 以ure

of w atersur fa ce (℃ ): d一me
an diu

ma
l satura tion difl笼re n ce o f va po

u r P
res
su re at l

.

sm
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一vegetatio n co ve rage of m arsh (in dee而al);w一
w ind

sPeed at 1
.
sm heightabove m ars hes (m /

s)
.

3
.
R easo na b川ty A na ly si s a讨 A即丘ca ble C o ud it fo 璐

T h e m u ltiP le co rrelatio n co effi cie n t o f th e mo
d el R = 0

.
8 7
.
T h e P artia l co rre latio n

co effi eien t o f th e firs t it em
o f th e righ t sid e o f th e m o de l

r = 0
.
8 6

,

t h
e

P
a

rt 讯1 co
r
rel at

io n

co
e
ffi
eien t o f th e seeo n d item

r= 0
.
12
.
T hi s m ea n eva P

otr
an
sP ir atio n o f m ars h es re lates

clo
se
ly w it h th

e sat
ura
tio n d lfl七re n ee

,

w
a t e r t e

m P
e r a t

ur

e a n
d ve ge ta

t i
o n

co

v e
ra ge

,

an
d

n o t

clo

s e

ly
w i t h w i

n
d

s

pe

e
d

.

Tw

,

d
a n

d
5 s

h
o

w P
o s

i t i

v e e o r r e 恤tio n w it h eva P
o ra tio n

,

T h i

s a e

co

r

ds
w i

t
h P h

ys

ica

l

co nc

e

P
t

an

d

a

ct

u a

l

o

b

s e r v a
t

io

n

.

I f
w

15

po

s

i
t

i

ve

,

i t
m

e a n s t h
a t w i

n
d

s
P

e e
d 15 g

r e a
te

r

an
d

p
r o

m
o t e t h

e e

va
P

o
ra

t i
o n

.

T
he

i t e
m

o
f o

.

7 2

w--

l

.

l m
e a n s t h

a t w i
n

d h as
no

g re
a t e

ffe

ct
o n t

he

in
e

re as
e o

f

rna

rs h
e v a

P
o t

ran

s
P i

r a t i
o n

w h
e n

wi nd

s
P

e e
d 1

5 s

ma

l le
r t h

a n
l

.

5 3 m /

5

.

W
h

en

t
he

wi nd

s

pe

e
d

a t t h
e

h
e

i g ht
o

f 1

.

s m 15
e

q
u

al t o
1

.

5 3 m /

s
,

be ca

u s e
ro

llg
h

ne

s s
i
s

b 论ger
,

t h
e

w in d

s

pe

e
d

ne

a r

ma

rs h
ve 罗tation ean o Py 15 s

ma
lle r
.
In ad d itio n

,

t
he he ig

h t fr
o

m

wa

t e r s u r
fa ce

t o a

nd

t h
e

can

o
P y 1

5 a
b

o u t 3 (k m

,

h
o r 讫on ta l a ir m o ve m en t 15 th e s

ma
lle s七beea use P la n ts

bl o ek
.
5 0 w e ca n th in k it 15 re aso n ab le th at w in d spe ed i胡

uen
ces 15 no

tgre at
.

d 15 no t negative be ca us e e(3
·

2 5
/ 。 15 d ~

一。。

e 卜3
·

2 5

/ 司= 一 口O

~
0

.

T h
e

f
irs

t it
e
m

o
f t

he m
o
d

e
l

a
l

wa

” po sit ive
.
If d = o ,-- 3

.
2 5 /

is e q u al t o z ero
,

it 15 re
a s o n a

bl
e

.

r
*

比an g
es
rro m

o℃ to Z s oc
.
xr t

、
= o ℃

,

o (0
‘, ) = 1

.

R e a l污tic al ly
,

t h
e

m
o

d
e

l 坛bas 记 on

the data of Plan tg
ro
wt h P

erio d
,

w h
e n t

、 = 0
,

t
he

P la
n t s t o

P
s

g
r o

w in g

.

I f t h
e

fi rs t a

nd

s e c o n
d i t e

m
s a r e e

q
u a

l t o
ze

r o
,

t h
e

E 15
n e

g
a t i

v e

.

T h is 15
no

t P
o s s

i bl
e

i
n

Pl

a n t g
r o

wt
h P

e r
io d

,

Al

l

a

bo

v e

,

we

t h i
nk

t
he m

o
d el 1

5
re

a s o n a
b le

.

I t e

an
b

e
us ed

t o

ca
l
cu

la te

ma

rs h

e

va
P

o t
ra

n s
P ir

a t i
o n

in P l
a n t g

r o

wt
h

pe

r
i
o

d in t h
e

S
a n 多ang P lain

.

4
.
P reCis沁n of the M od el

T h e res i
du
a lsta nd

a
rd
error o f th e m o d el s = 0

,

8 0
m m

.

A

cco

rd
i

ng

t
o

t
h

e

fit

t
i

n
g

o
f 2 9

da

-

t
a

in 1 9 9 1

,

t
he

a
b

s o
l
u t e e r r o

rs
o

f 2 8 d
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