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T he res ults al so i

zldl
cat
e tha

t th e c
u rr en t g laeier m 吹 川nof f is

in hi g her val
ue Peri 闭 in

oornPan
。初th the ru no ffin the 闰uilibri tnn

s
tat
e
un der

the

curren

tcl lma
tie

con
di tion

.
If tha

air tenlpe
rat
ure con

tinu es inc
re
aS
lllg ,

h
o

w
e v

er

,
t
h

e r

uno

f l

wo

u
l d

s t i ll i

ncrease

t o a

n

ew

l犯a k an d
th en d ec

reas

e ra p idl y
.

K E Y V 汉)I tI 巧 : gl ac ier
, r u n o

f f

,

d i m
a t e e

h
a n g e

,
r

es p o n 涨拐

M
o u n ta in g l

a e
i
e r 15 a p ro d

u e t o f m
u tu al ly i

o
in t

a e ti
on

o
f
e
li
rna

t e a n
d to p o g r a P h y

.

Ai
th i

s

卯int
, 。

li
ma

ti
e e

h
a n g e

ma
k
e g l

a e
i
e r

ad
a P t to it

。 e
h
a n g e t h ro 眼h adj us

ting glac ier
area

and

le眼th fo ll
ow i飞 th

e glac ier i
nne
r

mov eme
nt law

.
In theo ry

,

g l ac i
e r

al w
a

y
s

co rr
e s

p
o n

ds to

a

s t

ab
l
e s t a t e u n

d
e r a

ce

r t
ai

n e
l i

rna

t
i
e

co
nd

i
t

i
o n

.

Be

caus

e o

f 1 1而t
ation of the glaeier mo

v

emen

t

law
,

t

ha
g l

a e
i
e r

h as to
g

r a
d

u
al l y

ad

a
p t

to

e
l i

rna

t
i
e e

h
a n

g
e

.

川印
,

e
l i
们n a te 1

5 a
lw

a y s in
e
h
a n g e

.

So

,

i
t

1
5

al

mos

t
i m p

0
SS i b l

e

fo

r
g l

a e
i
e r

to

r e a e
h

t
h

e t
h

~

t
i
e

al
s t

ab
l
e s t a t e

.

T h
e

p
u 耳刃se of th i

s

P ap
er 15 to

si
mu

l
a te th e P ro

cesses

as th e
eas
t b
r
an
eh o f th e Gl

a eier N o
.
1 in th e h ea d w

a t
ers

o
f

t
ha U 川m qi R i

ver reac
h es the

Stab l
e State us i飞

a dynanll。 g lac i
e r

in ed
e
l as

we
ll as

t h
e p

roc ess
es

in

res po
n
se

o
f t h

e g l
a e
i
e r to

var

i

ous

e
li
ma

ti
e

con

d it io n
s
.

¹ T h e p网ect
sUp卯rt ed 场 the N

ation习 N atural段ienc
e
Fo
ullds tion of China
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〕Y N A M IC G L A C IE R M O D E L

Gl
ae ie r 15 alw 盯

5 in

mov eme
nt ,

res

u
l
t

i眼 f
rom

its intern al de fo
rma
tion eaused by gra vita

-

tion
.
Ai
the sam

e tim e
,

g l
a e

i
e r e

arr

i
e s o n t

h
e

m

ass
an

d
e

ne

r
g y

e x e
h

a r l
g

e
w i

t
h

a t

mos

p h
e r e

.

T h
e

h
o r

i即n tal ve loc i
ty al ong fl ow lin e 15 m ueh larg er th an th

e
ve
rtieal and Pe印end ieular veloeities

.

T h e ro le of th e ho
rizo n tal veloeity 15

~
nly oo ns id

ered here by integ rati眼 an ap Pro P
riate e(lua-

t10n OVer ve rt ica l
coor
dination ,

w h i
e

h i m
P l i

e s t
h

a t a s S 0 e
i
a t e

d w i
t

h
v e r t

i
e a

l
1 1 1。 -

t lo n m
a y b

e
in
e
l
u
d
e
d to o

.

As

a r
es
u
lt C o n s e r V a t1 0 ll

m P lle S t n a t s o n le P r 0 C e SS 巴
an o ne一

di
r n e n s

i
o n a

l co

n s e
ry 叫

uation
,

i
n 1

P l i
e

i
t t o

w

-

d i m

ens

i
o

nal

e

明
ation

,

for

i ce vo
l

um

e
w i

t
h i

n
d

e
p

e n
d

e n t

van

ab
l
e x a

1
0 n

g f l
o

w l i
n e

can

b
e

w
r

i
t

-

t e fl :

琴
= 一
蝉
+Bw

口 t d X

w h
e
re 5 1

5 t h
e
ar ea of

t h
e e

ros

s
se

e t i
on

p e r p e n d i
e u

l ar to
t h

e

~

n f l
o
w l i n

e
(
x
)

,

fl
ux

,

B
u n

i
t

m

ass

b al
an

e e a n
d

W

t
h

e
w i d

t
h

o
f

t

he
g l ac i

e r a t t
h

e s

ur
fac

e
.

(
1

)

t t

im

e
,

Q i
e e

Q i
n t

h
e e

q
u a t

i
o n e

m 切dies th
e info

rma
tion ofglaeier d”am ics an d B re fl

eets the effe etof
elim ate on gl

aeier
.
T ho 吧h

elim at e nlay af fe et glaeier tem
perat ure an d there fo re al ter glaeier

moveme

nt velo eity
,

t
h

o s e

ch

a n
g

es ar

e

50

sm

a
l l

t

ha

t t
h

e
y m

a
y b

e
i g

n o r

ed
d

u e

to l i
t t

l
e

fl
u e t u a t

i
on

o

f

a
i
r t e

m p
er

a t u

re d
u r

i飞
a lozlg peri ed

.

Iee flux Q can be w ritten as :

粗de冷Q = U
·

S

w h

e

re U 1

5

mean

v

el
oc

i
t y at

t
h

e e r( 璐 se
etion

.

As me
ntioned a加ve

,
t

h
e t o t

al i
e e v e

loc

i
t y

( U )

con

s
i
s t S o

f
a

co
n t r

i b
u t

ion

f
r o

m i
n t e r x 1 a

1

拓溯
ation (Ud )

and bas e Slidi飞

U

(Us )
,

t
h

a t
1
5

,

= 认
+ Us

= A l阶意
+ A Z:意/( N

一
P)

w h
e
re A

1 a n
d A Z

are
f l
o
w p

arame

te r s
,

res

p
e e t

i
v e

l y

,

H
i
ce

t
h i

e
k

n e
ss

,

几 bas
e sh

ear
st

ress

,

N

ove

rb

u r
d

en
P

re

ssu

re

a t t

ha
i ce b

ase

a n
d P

s u 垠laeial w ater Pre ss ure 厂r he b as e shear
str
ess
is de

-

fin ed as :

介 = 一 咫月Sin a (4 )

w h ere p 15 ice den sity
,

9
ac

e e
l
e

ra
t

i
on

of
g

rav

i
t y

,

an
d

a s

loP

e o
f g l ac i

e r s u r
f
a e e

.

As

a
1
5 s n l a

l l

,

_ _ d
z

s l n Q

~

口 一 二「二
,

V V n e T e 2 1 5 肚IllU a e 0 1 ICe SU n a Ce
.

U 工

Be
ea u

se
o f

com

p lex of in te m al
mo

vem

en
t ,

g l
a e

i
e r s

h
av

e
d i f fe

r e n t p
e r

ce
n t眼

es in slidi眼
ve-

loc i
ty an d deforn lation ve lo

eity
.
Ai so

,

some

g l
a e

i
e

rs m

a
y 叩p

ear to be ehar aeterize d by th e ere印

on
elas tie l盯er

at the b
ase
.
Ac co

rdi吧 to ob
se
rva
tion of the ar tifieial iee eav ity of the Gl aeier

No
.
1 in headw aters of the U 川m ql R iver(W

an g 。t a l

. ,

1 9 6 5
)

,

fou

r

mov

em
en

t

me

e
h

an
i

sms

m

a
y

b

e
i
de

n t
i f i

e
d

,

1

.
e

. ,

de fo
rm

a t
io

n
of

g l
a e

i
e r

i
e e

,

d

efo rm

a t
i
o n o

f i
e e

b
e

d

,

sh
ear

d
e

fo
rm

a t
i
on

a n
d b

ase

sl i d i飞 d
efo
~
tion ,

a r n o n
g w h l

ch

t
h

e

de fo

rma

t
i
o n o

f g l
a e

i
e r

i
e e

1
5 t

h
e

mo

s t
i m 伪

r-

tan t
.
Fo
r the gl

aeier
evo
lution

rese
ar eh

,

d i
s t r

i b
u t

i
o n

of
t
h

e
i
n t e

rna

l
v e

l
o e

i
t y

a
p p

ear

s t o
b

e t
ri

v
-
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,
t

h
e

b

ase

sl i d i吧
se
ems
to be igno re d fo

r the
con
tine ntal an d sm allglaeiers w hose end of to ngue 15 in

pe
rma
frost area

.
Th
ere fo re

,
t

h
e

叹
uatio n (3)

C
an b
e Sim plified as :

u = A l价意 (5 )

T he 几 in th e 叫
uation 4 15 su itab l

e fo r w id th
一

i
n

f i
n
i
t e g l ac i

e
rs

an
d

s
h
o u

l d b
e

adj

u s t e
d to f i

t

mo
un

t
ai

n g l
a e

i
e r s

b
y t

h
e

fo l l
o
w i飞 w即

:

U 一
Al
尸(Pg )

’
(

鬓
)3 (6)

wheref15coe ftieientoftheseetion morpholog iefaetor(You
,

1 9 8 8
)

.

S
u

b
s t i t u t e e

q
u a t i

o n
6 i n

to 叫ua t1
0n Z

Q 一 百
·

“
一 ffuA

I
尸(、)

,
(

鬓
), ·

IIw

(
7

)

w h

e r e

人 15
a synthe ti回 coe ffi

den tfro m se ct ion
~
and

~
ve loc ity

.
C卜d e r F = fu

·

A
l

,

an
d

F
r e

P

resen

ts
a s

沙th
etical p

ararn

eter det

errm

ned by p

arame

ters of glac ier flow
,

sec

t
l
o n

area

an
d

~

v e
l oc it y

.

H

.

T H E I ) E l

,

E R
M

I N A I , IO N O F T H E B A S I C P A R A M [E T E R S

To
。i

mu

l
a te g lac i

e r c
h
a llg e

,
t
h

e

mo

印ho log
i。 fa

e
to rs ( H

,

W

,
2 e t 。

.

)

,

mass

b al

ance

B

a n
d

t

he

s
y n t

h
e t

i

cal

p

ararne

t e r o
f g l ac i

e r
f l

o
w F h

a v e

to be
d

e t e ri l l
i
n e

d

.

1

.

T h
e

M
6

r
P h

o
l
o

g i
e

P
a r

am

e t e r s

T h
e

al
t
i
t

ud

e

of i ce

s u 班aee an d fl
ow line as

we
ll as t

he w id th of ice
surf ace

can
be ob

tai ned

f
~

gl ac ier
to
po g
raphi 司

nlaP su rv eyed in l% 2 an d the m
aP wi th

ve yed in 1986
.
TO
sim plily tha se etion

sha 详 an d rna
th
erna

tical
。

g lac i
e r

1
5

consl

d
e r e

d as
a p ar

a
加l
a.

ice th ick
nes昌 。。n to u r s

ur

-

c r o s s
se ct l

o n
of

2

.

M
a
ss

Ba
l
a ll

ce B

】〕u e to di ffe
~
ce of ice

a
nd

s

~

al be do
,

ic
e

me

it

a n
d

~

m

e
l
t

vo
l
u r n e s

are

di ft

~

t

eve

n u x l
d

e r t
h

e

sam

e e
l i

rna

t
i
e

co
nd

i
t
io

n

.

O
r

d
e

ri 飞 i
ee nlelt an d

snow
me l
t as 从

and Ms
,

re

-

s
p

e e t
i
ve

l y

,

mon

t
h l y

rnass

b al

ance

m

a
y

be
d

escri

be
d b

y
:

B
(

z

)
=

Ps (

z

)

一 凡M { 一 ( 1
一
Ft )从 (8)

where Ps 15 snowlalland Ft ratio of mo
nthly sno

wm
elttim e (Ft ( 1)

.
As Ft = 1

,

i
t

1
5

p

tire

s

nowTne

l
t

.

As
Ft

( 1

,

i
t s

h
o

w
s t

h
a t

i
e e

1
5

f i rs
t

me

l
t e

d
an

d
t

h
e n S

now

.

T h
e

ra
t
i
o o

f

mon

t
h l y

sno

wme

l
t t

i

me

m

a
y

b

e

es
t

i

rna

t

ed
b y

s

now

a e e

umu

l
a t

i
on

P

a ‘
:

Ft
= 尸心 / M { ( 9 )
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,

aP
p

ro 元
rna
tely 1

.

t
he Gl ac i

er N o
.
1(Y

e et a l
. ,

1 9 9 6
)

.

从 = KM 去
56 base d on

meas

u re d dat a in exP
erim en t

o f ru nolf in

T he
me
lt in t

ens
ity
Ms
15 cal cu l

ated by

mon

thly ab l
ation of

var
i
ous

al titudes an d co rre
-

s
印
nding air

tem p吧rat
ure

( Pa
t

~

,

19 81 )

.

Da

ta of ab lat
io

n

are

f
r

om

A
l l l l u

al
Re

po

r t
of Ti an

-

s
h

a n

Gl

a e
i
o

l吧ical st ation (1979
一 1 9 9 0 ) ¹

.

凡
r tem pera ture at

vario

us al titudes 15 es tirna
ted by

al r tem pera ture gradient an d al
r tem perat

ure
ju了n p i飞(L之1 et a l

. ,

1 9 9 0
)

.

T h
e

i
r r e

l
a t

ion

m

a
y

be

re
p

~

t e
d b y

:

Ms

=
a

(
T
一 b )

c

a ,

b
a n

d
c v a

1

ues

of

eac

h
r n 0 n

th

are

s
h

o
w

n

in T
a

b 1
e

1

.

(
1 1

)

T
a
b le 1 T h

e

联ffid
entsof ablalion l山lell0n on lhe ic e s以翻ee

M on th
a b c G 笼lficlen t s un p les

M
a y 1 1

.
1 9 一 8

.
5 1

.
2 6 7 0

.
5 0 5 8

J
u n e 0

.
7 9 8 一 7

.
5 3

.
0 5 0

.
7 5 6 3

J以y 0
.
502 一 7

.
0 3

.
3 4 9 0 8 6 6 3

A ug us t 7
.
9 4 一 8

.
0 1

.
9 4 5 0

.
5 6 6 4

3

.

Gl ac i
e r

R
u
no f f

E 论由use tha
eh an g

es of g lac ier ru n ofl pri

~

ly de pen d on
th e ehang es in glac ier

area

an d

cli m
atlc co ndi t

~

,
t

he

~

tri bu
ti

on
of

e v a
p

o r a t

ion

to gl ac i er

~

ft 15
qu ite

s

m al l

.

F 砧w ever
,

T
a

k
a

h as h i E 明at ion (Lai et al
. ,

1 9 9 0
)

1
5 s t

i l l 即pli
ed in this stud y to es

tlrnate evaporat
ion

.

M 6nth ly tem pe
rat
ure an d

~
th ly pre ci pitat ion are

nlai记y u se d as inP ut d ata and su b
一

~

t

em

-

p
e

rat

u
re i

s
al 沁

consl

dered
.
T hus

,
t

he
g l ac i

e r

ru no
ft 1

5

cal

e

tjl

a t e
d b

y w
a t

er b
a

l
a n e e

i
n g l ac i at

e
d

a r e 日 :

w h
ere

j 1
5 t h

e
d ist

a n
d E

e v a P 0

rat
i
on

R
g = 乙 〔凡M 砂+ (1 一 凡)峡

+ p。 一 尽〕X △凡j石 1
ri
bu

t

ion

of
g

lac
i er

~

a
l
o n g

alt
it
u

de

,

凡 un it gl ac ier
~

,

.

P re

e
i p i

t a t
l
o n o n

th

e
i
e e s u 汀aee dire

etly pl.cd uc es

runo

ft
.

(12 )

P
: Pre eiPitat ion

H l
.
1〕E T E R M IN A T IO N A N I〕T E S I, O F

M aj
o r p

arame

ter
o f t ha g l ac ie r d y n

am
ie 1l l

od el 15 F
.
F r efl e et s t h e s p ee d of

gla
ei er ice de

-

fo n加以t io n a n d
a
f l
e e ts

th
e r e s u 】ts of cal cu lat ing gl ac le

r
ad

~

阴d re t
reat.

Fo
r a gi

~ sec
tion

,

F 1
5

p ri

rnan

l y d
e t e

rm

i
n e

d b
y

A

i
w h i

e
h

r e
P

resen

ts g l
a e

i
e r

fl
o

w

.

F
u r t

h
e

rm

o r e
,

A
i

1
5

l
a r

g
el

y
as

-

soc

i
a t e

d 诚th i
ee ten1Pera ture

,

i
e e c

ry

s t
al

s
i ze an

d d i
r

ec
t

i
on an

d

con

t

en

t
of

im

p

uri

t y

.

S i

nce

A
i

¹ 几功朋1R
e
卯rt on the W O

rk at Ti ans hi
m G laeio】呢i回 St

at
ion

,

No

.

1 一 8
.

一
2 4 6 一



吧es l
argel y in e却

erime
ntal

meas

ur
eme
nts ,

i t 1
5

no

t
f ea

s
i b l

e

to b
e

d i re

e t
l
y d

e t e

rm

i
n

ed

.

H

e r e
,

A

1
1
5

es
t

lma

t e
d b

y
ve

l oc i
t y

o
f

t
h

e

Gl

a e
i
e r

N
o

.

1
an

d f i l
t e

re d b y t

he
m

ed

e
l

.

B

ase

d
on

meas

u r

ed

s u
rf

ace

v e
l oc

i t y

,
s u

rfa

e e s

loP

e a

nd
i
e e t

h i
e

k

ness

o
f

t
h

e

Gl ac i er N
o

.

1

d
u

ri 嗯 1980 一 1 9 8 5 (
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