@  RERFEREZ M KIUE L F5RR

GLACIER WATER RESOURCES IN- CHINA

MIsER

W f R

I:H

H O R % iw R AR 2t




RESOURCES IN CHI
{ WA R

‘E.m-pa FA =R A E R E

-

i’




th Bk Ik EE
AR

H ATRHE A R 1T

(ZHE—FHH 212 730030)
HREMABESDLOHE TR

FH78Tx1002K 1/16 K105 FEHs T4 239,000
1991!%-85;51& 1991 4 8 A% 1 KEIKI
g 1—3, 000

ISBNT—5424-0312-5/P - 5 Ef: 12.50 &



J“:]';.‘

TR BE N R IR K VR E B RS, CREK)IKYEED fEE T 1980—1985
FH MK B E R H b EATRRIER " o 2R 7k T WA B R B
FRM. S SFRRE TF, ESTANRETRAS, AHEAH R ERERZMHK)IE T
BEFRT 1958 SFLAREF NS R, ENFEELEAN, KX, SRFEAWHTER, L
Bk H AR AR S QST BT T REWN)E FHREKES METRE
v R, AR, R T IR, KRR, IR R BRI T AR ROk
NG|k, RUTEE, FEKAEKEKIKFHAOER, oA LUK
R KA T o R O L) X TR R 05 A P B R Ay, R R IR 4R T S E A sh ok 1K
XEERR k. SRAEREE.

EERBES A XKNKTEA L. CREMAKBEL T 30 FREEK
K E MR, AR RE RN KO0, ERKL, FREMFENHE, KERKIT
G EAM., TRiEE, UAREERLXE I RENANRKSHATEENELRH
EhRE .

R BRBIFFIFEERIAL KRR, EHFH0MR, minHRELIE,
ERETHENEE, RBEFHdE,, BRAEFNKERAYGE, FRstERUREFHH
T FES AN LHEL, B fTem R CEE. o T5PaRa. Bk HE
HALFHE.

BAEEBAMMR, BREIREKEMLESITEE, mkISEE. ks
L% AR,

s R B = M KR ERTFRETET I A
1990 F 6 H 10 HFZH



il

Tl

WEEiF. SR RAERY 24 10°%km®, FEMEEARN, KK, B,
dTRERBOK BT 68.7%. BB, REWIIERY 586 S1km®, BEMERL, oJER
KB 564 10'm’, HEEMRAKTEEN 2%, B4 FRASETYARTRE KIS
B 5132km’, HERBEKEEN 2 15, MREETHHE. Hil: FERTENY
DRI e K BT (AR BTG 10% 4y, B, Rt SMERE, BAWKI A
IR, KTHE. AR ARFEME S0 R RERARZEER.

KREAKEDAEFNERNBEEAERZ — AARA LS. LAEREEGTRM
FET R, &Lk NE B RK M EEHRB S G AAMNFEE. RIE4HE 504
UK, 60 E44M, REFRAMEGIRMKIER, &EESREHTRLEK)IIKTE
M AL, AR, S, B, RARFTRBMERAARER. S5k BEKNATHE
THEERERE, FARE, WMEMEL Kb, KRR Bel, SWECL, S5F
ol FOAHL, UEHESEY, TEREARETRARRK. AR 6K
JOFRL. AR T AR, pEREF SN, TR MR, AR
SRARZRE: B, REKXEN -8 ZER—k K CEE R E.

B TR GRS RAAORRUER, ATKAERBANIEN. EF% KHH
RECREEBFME REENER. TR XESEFY LU EEK R EE
R ERGAHMGEI RN, 0 FRMH, RENEVERSHEEHNTEENE X 2RFR
EACTTRE R R AR, i T X E KRR T S W A B HE AR
Hz—#r2Ef b A AREMEARE KR, dkaiKRnit s 1980
FIA, KEBEEEKAREE A BEETETES. FE, PERFRZMK) KL
PR 2 KRR E LA H P E K )IR R B F. 1984 E R PE KK EBRGEE R
T (ERERE). L FWRE LR TN F, RAKEIBAKTR, MR
Bt (AR AERTIHERYILE (ARERR) FEARENTEHRELMNER,
JLE S FE T T AL

F BT RE KR FAREARME, R RBRE; 85T POEL BT i ok )1 %
B, A A SR, BRI RN I REDRIR L B v )RR AL R B K
AR MG R R T REKIDKHENER, 46 HRG %, B ailamn g
EERMNSER Y EERN AR ik, Mok, BEMESRESWITASIA, &
FHLHARFHRARRERAETH], EEIREARATOEET SRS -, 7R
MR BRI oK K SCRFHE . RS AR, LA B ok K SO SE RO BURR AU 6148

ERPRBAEREKN. KX, SEFERNEEERAARE TEESFEH
SHRRME TR, FAHM. FiF. 8 EEOE. KGN AREMIKITH
HAMAAEFEGEH RS, HRNEH. Bk, 2TFREETING NN,



HEERGATAES, HEBIARFEIHIFAXN FEABLAMBLEEM
BRI B MBI S T, 1R MER. ERE, KRR, NRE. B,
BEE. BB KL, FEHm. S, BRW. WEx HLF. £8 E2RE
FEGE, EOiR. FCE%. BREEBITRCH.

20X IR BT e AC 51 i AR 48 B0 K o B K 3L R MU BR 4 ME B

AEHRBLENKERNAME. il aMEE. EX McMaster X318 R 51
MEEENNHETRR. ROAKASNE. EREIFRARARBIFESHER, £—3#F
FREIRE.

FHEMPEMERZMKNFEIARHFTHENRABBRERAHAY. NTHES5R
B, FELRHWENHA.

EHERTHR, SiRfh FARZLOEBEEMF. K.

Hita
1990 4F 4 H



K
(1]
#—% PEEBLRKIIERBEKFRME

Eaat] *ﬁﬁﬁmﬂﬁmﬁﬁﬁﬁ-wmm s

—. B4R -

= MRS
=, BkERSE
M. REKEREL -
T, Rk Rl #1451 A

W *Iﬁﬂmﬁﬁ*ﬁﬁﬁﬁﬁﬁﬁﬁﬁ : “(27)
~(35)
o BRI A <o e e e e e et e e e e e e e e s s s e e e

—. RS S R

I BEACRE ST S R RAE - -
oW *Emmﬁﬂl‘ﬁﬁﬁﬁﬂ .........

WA REK) GRS

—. WNEE LS ET R R

L MR S e

L RERINERRL

EoW hEKNER -

:‘éﬁ%EKHMM§§ I
=, KRR S R0 KA
B=Y g% bre s e bedae v

= BRRESHKNFESEGEHRE oo
. BE/ESEK, THMXE
H, THREAESERELRNLE -
=W, KIEME e
FE KRR
— IR B i 4
~L U BRI S
= WD B A BT M B RRE

=1

W o e

L

(40)

= (40)
m (42 )
. m ( 45 )

(45)

< (45)
~(51)
“(51)
- (53)
~( 53y
v (54)
BEAY KPR oo e e e e e e

(62)



T B AREEE - (63 )
S IE : .68 )
B mwmuwmrnﬁmm}m e (80)
— WME B - - - (81)
L BKNBEARERIERLL e e s s s e e (B )
= KM AR RS s e (]0])
BT KIIMOKERAGE - = (109)
—. wNdEmeE - (109}
=, WimAEsE e (110}
A BER K EEEER e e (]]5)
‘%_ﬂﬁ fPEDKJTI*ﬁEﬁ‘JﬁHﬁ = (115)
= Illr'é}:ﬁi e s e (8
= ztmmmemmmwmmrww S (119)
= a‘UHﬂﬂlﬁﬁﬂMﬁﬁ‘]%*&ﬂ:m e e e s e s e e ]26)
BT BERKIATRAR o “ (135)
- RN o (135)
= HEAIKEE - (137)
S FFHEIRNIACRERL wr v eer e e eee e v s s s s e e e (4]




GLACIER WATER RESOURCES IN CHINA
CONTENTS

PrefaceForewordChapter 1 Precipitation condition of glacier development in  mountain-
ous region of

1.1 Distribution characteristic of precipitation in mountainous region of

western China - oo (1)
1.1.1  Basic data (1)
1.1.2 Distribution ch istic of precipitation <+ rrre e v e s s (] )
1.1.3  Annual distribution of precipitation BT R ACR ORI TR NSRS LTI ( T
1.1.4 Yearly variation of precipitation e e e e e e ]0)
1.1.5 Distribution of precipitation with altitude v« rrr oo e ]G0

1.2 Model and estimation of regional distribution of precipitation in moun
tajnﬂus rcgion waeslern China Mee R4 ANE Ges aEk RE bRs TAE EAL EEA RS aEE GaE mewoEEw S ( 2‘? )

1.2.1 Cluster analysis of precipitation for climatic rtegion == rrr s 27 )
1.2.2  Trend surface analysis and estimation of precipitation <+ w29
Chapter I Number, distribution and classification of glacier in China ~ »--=+ ( 35 )
2.1 Number and distribution of glacier in China B R R R b |
2.1.1 Definition of glacier and its general research
2.1.2 Number and distribution of glacier in China

2.1.3 Glaciation center in China === rrrorrmerrmsrnoeeees

2.2 Classification of glacier in China ~ --ovveree
221 Classification of glagier = v s #7 o o s s smns st s s s e

222 Classification of glacier in different climatic region ~ ==ews s versereees e (40 )
2.2.3 Characteristic of water and heat of continental glacier and maritime glacier =+ ( 42 )
2'3 Snow___line L4k R4 aes 44k B4 KA HEE 4AE R4% REL KRS GEE TAE RAT EET AL AEE AT AR EEE SRR oAae mwr Rk s ars ( 45 )

2.3.1 Definition of snow=line HEE N Sk EeE EES RS AT EeE EEe Ere s A AAE EaworEw e

2.1.2 Distribution of snow—line altitude

2.3.3 Relationship between snow—line altitude and glacier terminus altitude ===+ { 49 )

2.3.4 Relationship between snow—line altitude and precipitation. air temperature = 51)

2.3.5 Relationship between snow—line allitude and ratio of glacier ablation area e (51)
Chapter [II Ablation of glacier

3.1 Heat condition of glacier ablation

3.1.1 Component of heat balance in glacierized area RS s et s s e

3.1.2 Distribution of air temperature above glacial surface




3.1.3  Characteristic of heat balance in glacier ablation period == +++ =+ ve (58 )
32 Glacier ablation s ee s s s e (62

3.2.2 Theeffect element of glacier ablation st e ()

3.2.1 Fundamental conception of glacier ablation

323 Esi:imar.iou method ofglacmi meliwater PROSTmREnERnESTarcasierettocaaen v ( 68 )
3.3 Distribution of depth of glacial meltwater in mountainous region of
western China e ~(80)

4[ Genml rcmark EEe EEE S EEE NEe SRR SN REE NEE EE AL 44E REL bed 468 4hE adh mae rEe e awE mar ER ( s] )

411 Component of runoff in glacierized area -+ <= =+ s+s s+ s vs s s vnesn s (8] )
- (83)
(86 )
421 Formation of glacial melt water punoff  ++ +e s+ s1s 12 s ss s asssns sns vrs s ssins (86 )
4.2.2 Characteristic of glacial melt water runoff  +roessser s s s e BG )
{101)
4.3 Estimation of glacial melt water runoff = oo s s e (109 )

43.1 Determination of glacier ablation periad -+ ++ =+ =1 s s e ses ses ses sassss s ies (109 )
< (110)
- {115)
5.1 Number of glacier water resources in China  « s veve s (115}

4.1.2  Glacial melt water runoff’

4.2 Characteristic of glacial melt water runoff =i e

4.2.3 Basic parameter of glacial melt water runoff

4.3.2 Estimation of glacial melt water runoff

Chapter V Glacier water resources of China
5.2 Distribution of glacier water resources in China -+ wssseo v s (15
5.2.] Sp&li3| diSlI'IbUIiDI‘l BAh Bes SN abe BaE Rad EBE SEe ES BEE BES SHE SR BEE BAE BRE HE4 440 044 b BOS run ( lls)

PR ( l]s)
5.3 The effect of replemshment of gla(nal meltwater runoff to mountainous

5.2.2 Time course distribution

FVEr  eeeeeeee R srs e e s e e (1]9)
5.3.1 Type of river in mountainous region of western China =« «er«ws s (119
532 The effect of replenishment of glacial meltwater runoff to river - (126)

5.4 Divided region of glacier water resources of China - --oooreeereomeieeee (135)
5.4.1 Glacier water resources in Gansu Province TR Ak waE RS EEE AEE AaE ETE EEe YRS TEE EeE EaE EEL ( 135)
5.4.2 Glacier water resources in Uygur Autonomous Region of Xinjiang === (137)
543 Glacier water resources in Qinghai Province o eorreserser s serineen e (1141 )
544 Glacier water resources in Xizang Autonomous Region o weroer o (150



F—E PEEGIRILX K
B BIREK &AM

KO(FRA). B (R RFRKNETHUE T FERE. BARK AT HE
B, ERAE -ERHERETHRNABER. REMER, SEMGREH, SHEEER
R, SAEMTHRMNER RZFN%, KREFERRK EARHERIE, RBR—ENUE
FHE. Bk, Wbk, BESHRTSARE, STRRERAKIINET. SRS
MIRAEEEN

B PEAIL XKD RE
— &EF HFEH

BEARLR (XREEEHEHM. 8. R AENESR) sk, S&8KEsS
RENEHRE, El, AEWafEPELNSeTRmE, SRERERE, 5%
KEERFIMESED. RIVKAASSE. BHEEMERERAAE 20 F (SR
iTE 1984 4E) BRI, 431 4, KIEHEAAEROELE AT EHA TS8R
BIPER BB A2 30 4, HeR, A FETENER 3000m LA EAYES K 88 4, 2000-—3000m &Y 87
A £ 19%, 1000—2000m B9 124 4~ & 27%. fEF 1000m &) 162 4~ &4 35%.,
PERAERLE 20 F LA LAY RN E 53%, HARNARNERAE 20, HASTHRAY
A, REETHE. MLUETEL. EEEREANELRRERLTFEA. B, BREAES
MUEEAAEREFN NS SRR — S8 ARFA LR R LN S, SRR
304, KCBHEHE 20 5 HKENELPREN ERMAKIRRBHLEY (1984—
1990 F); BB HILabE Lk EEf S EEamiy (8 i1-1).

B8 B3k 461 PR, SCRMMTEE, BRI IISIHEESREKE, & B, B LNERE
Ak, ARBK4TH 6—9R) FAR, MokFNa, WEMFERKTERE,

. BkSHERR
R AR A RSB SARRER LT, WM RESA %, —

Bk, BEAMBRERARN, KB K2, KREHER RokEM. HERER
BRI R R, RN TR m R, R E AL X KRR A

— ) —



LA LR RER 4 5K 230 WL
IELERAKIL ALK EE SRR
SEW MR TS 6.5 (L R e R B S
TROERANTE L SWI BRWERE W),
9. MR EER LI IO.EE:QSJ‘I..HUII;
1L B R A kI 12 B L 2R
13 EMMERIE SN 145 M E R LR AR
15,5 Wy B k)]
B -1 o EE A L S i 45 {0 R 4
fig.1-1 The distribution of fixed and semi—fixed
field—site in mountainous region of western China

MR 2 —, MR EE RERKR S L 5000mm 1 495mm 1 KELERP R,

V)R I TR £ LU0 7 NG DS B SR MR (1962——1979 ), Al U .
—_—2 —



TEPEA SRR M AR D EARAT LW W, AR EEN, EEKEEA
4000—4500mm., B E IR P FiE, EEKBREHEL, NBEEREKRY
2360mm, SHHEFTRETIHAZE, BARUBE, 4% 650mm, HHGERIT
MAMAZERHE, FREKREE 300mm; HEHEAENSRD, £FKERE 200mm,
DI R AR AR A AT Somm. FHE. H W AR PRI R B A e R B P R
MR, MAMERM T, HAESHMREEK, £RFKRAE 600—700mm, [
RSN, EHEEEAREHATSH, FEAKRALE 20mm,

ZREMNS TR A Klig b, WK, SRS, kR hmmiie. mx
i P ER A R X B R LD, PR R 500—600mm WP EFR2 Somm., #HiEre
BRI, BRECILEIRCILTEE, FRoKRhISTIE [l mER R,

oAb, AR AR L DO M X F B R IO MR R SR, FEEEAR
AL PR R AL P AR AR . TR A L K AR R 800mm, B 7 L 1L R T o O R
HBHE AR 100mm; FERREREAK R 500mm, BIHETEMNY 100—200mm, HEB/REHF
JE 50mm, SR B ALY 450—550mm (B 1-2).

F R RAKEWAAZMK, KEEEFARHEE, SES TR, REKGEME
K. i, HBAFTHAER. X, FENASHH, URFESERERL.

A LAk 1) TR e 3 A D L K Y S A AR

FEFGEEIE N, 27° —32° N, ¥ 3500—4700m, FRKRGLENTHEESHRMA
Agidn, BESHAHBRARAR, ZRANKRGTEN Y, SI0E LGS 2
RS RHSATEEAS XY EEEN > —, B kRARHEL (8 1-3).

HALE 38 ° 39 ° NAREWR, HK 3000—3500m, 4F KA R ERAFTE A K W
SR (E 1-4).

ET5°—I105° E, M= &xn%rx%ammmm-rufus F Rk & B AR E R
W, KATE85° —90° E HBLEEAKMEHK, ERERKEHBMAEYE. £100°EL
H, BRARSHEMERH M, HETSELES, BANESEAGTHE (B
1-5), X—HEH, BKERKMT B, WHSGERERA. PTTLEH, R/
BEAYHOAESUERT, AfEBREAREE ME2ANSKEROTEILTE, Nd
BEARED SRS, LIERTIAY, 85° —90° E AUREKEME X R AR FEK & Ha R
£, mkE A Rk B .,

HEFERABAMAESSEREKEAMU (H 1-6). HARHME, FARAFIMA
DYASEA B (REEATAHEMN FK EERKREHYTR, NBEEFEEREKR
i 3654mm, FFHLY 2512mm, BIBBRMA % 132lmm, FABEMLREEEAKRHAR
W/, 292% 300—350mm.

=, MokEASR

FEKFASEREAZRST LAER, RBH—Z0SESS. TEREARLE
VU F=BE K 3 BEY F ERFAE.



— -
T T

- —

PA -2 o R AR T K B A B (mm (23 1984 5)
Fig.1—2 The distribution map of mean annual precipitation in

mountainous region of woswern China(statistics tll 1984)



/& (mm)

*

400 -

a4

Bl 14 R CEROK RS A EE (387 —39° N, # 3000—3500m)
Fig.1-4 The changes of mean annual precipitation with longitude, Qilian
Mountain {38 * —39 " N. 3000—3500m a.m.s..}

200 |—

BIM -

(remy

C I

24 -

L

a0

in

D

Xizang Autonomous

52 92"
# -3

Bl -3 FOlEMul<AEREKREEEAEAIEM (277 —32° N, #4g 3500—4700m)

fig.1-3 The changes of mean annual precipitation with longitude

Region

(277 —32° N. 3500—4700m a.m.s.1.)

o

07

Lt



00—
' —41°N
200 [~
ml
: 1 1| T
-~ W
E
E
< 39" —40° N
zoot
-
w l00F
., I ,
¥
wo -
l 38 WN
mk
|
nLllh l i L I i l | :
75 #0° 85° " 95" 100° 105°
*® -]

B 1-5 o E T 8L G Rk R i
Fig.1-5 The section drawing of mean annual precipitation

in mountainous region of western China



B 1-6 thlEFEEL KRR RSB Mm@ F 1984 %)
Fig.1—6 The distribution map of mean precipitation in i
region of western China (statistics till 1984)




