MkEE" BT

Change of Asian Water Tower

BEsRKEREESEE D

KEE WAXY $ER 3 F¢ EER
WEFT B BY OE W B RS uBs”

1 ARAFRIZERTR KOKFREKFIERNFERESLRE FxR 210029
2 IKFIEBR ST SAEZ AR FC BER 210029
3 KIRIPS5EELRMRM MR 210098

HE FARIBRAADREZIRKIT. . BERFTFTROLRN, £H “BHAE 2HF, 2 FR
BRIAK, T RKTREGRENEA L TAY, FHERZRKTREKESEY AR KRB AL LA E
ZRBEFE L AR AT ITARRK 22T KISE RN BATHSMAIN, §TFHRKE S, LEt5F
AEZH o, FRHRZBEBETNAZRAETZNG wAEY, FYIRLELETHERL, Kz, &
IAI G B LA R R BRI AR LARE. ARAN, LBAEHFRGINRT BRGNS TR
TRTBREARZ R AAKEG WO LZRE . RRAM SIS, MEANBREGRY, @&EERFRR
Y, HMETRBRATARAGEERY BE, IRFRERERGKTRELS® IS R AR, £
TAAT F RSB AKTRIE R o E 7 A2 B EMN, FRBRIUL A 5.

Kigim HRHR, KTREE, Ho4, AREEE

DOI 10.16418/j.issn.1000-3045.2019.11.009

TR e JEUR VL BT R B L L BT P UL OBTER . CHON . DUIAEA . AR 324
PRSP B AU, R UK. £ T, 198 MR 214000 . PR — IR A EKAE
EREMZAER L EEREX, HRELEWHK  AHEEANE B AU, & K (5
GO L TRAE RIS RS I S . RS R TE ) S0 km? KDL B ROTTIRAT 13 266 45, A EIFE DR
2y 2.5%10°km®, AMALIX AN LI AR 294515 172, T ALY 29.3%, HP AR KTEAR 1.0x10" km® DL 11
MK 4000 m S DL b IX A TEAR 2 5 3/4, FESRPE WA RKIL . B S EURW L RS VL. VeI

* 38 A

KRB BRAREEES (91647203, 51779144, 51879164, 91647111) |, % —kH i &R o s 22 E (SQ2019QZKK23
03)

B EAENCE) B4 2019410128

1264‘2019&-%34%-%11,5}1



EREEKAEEESHBESN _

AT s 79 9 0 JR 5 A /K T AR 1 km® K2 A1 9 I8T0
A 11294, dieEE ORI SE0Y 39.4%, HHk
TR 1000 km? D 1AMV EE . (MRES . AR
FEFIHLH R AR

B U s R R A R IO B U R S
e X 3K B A R S DU AR DG TAE o AR SO 7
Fol s A YL . BT | ORES R VL . VR VL AIARYL S 4
F2 BT A FR A S G A SRR A Y SRR S
F, TSAHT BN 1960—2018 471 23 ARk

FPBUKSCHORE . A il i BORL AR T-48 oK SO LR
8 3 2 R o e 1 W R o 5 P R S A o S 1 O
BRI SAAT DR 1, 453 8 B BB DL LR 1

K Fl Mann-Kendall K5035 ( f8 MK K5 )
3 ATE @=0.05 (3% ) Al a=0.01 (JEFH BE) KT
T, KA FERTEARMEL MK Gt Zy 19 E
P, DI 23 BT 45 2Tl 0 VR DX 0 S0 A2 T H A2 7 1 2
Tt

&1 FEEREEIEIWRARMEKSCLERSFE

X 1 A fb s - 5] 75 960 1o D 7K O R T AR . . SkER EmRBELE
N S an (km2)  BY{8] (FF)
PRI,
HiBA KI  97°1417.2" 33°00'46.2" 138799 1957—2018
== ke g RIS AR BEJhZ A 100°09'18.1" 35°29'58.5" 122277 1956—2018
1 1960—2018 FF BRI RE XD =
S& WEL 97°10'44.4" 31°07'37.0" 53512 1960—2018
y M S VY 42y R =T ey £y R
AL BT VR ASTIMURE G RO L 5 250 25 BT 96°141.1"  30°52'37.5" 73632 1981—2018
TR VE T P L, AR SO BRI X B T35 Hre
W 7T 94°38'56.6" 29°27'59.5" 201809 1956—2018
R Z . BE#b . 5 EFFMBUR 5 REFREK ST R !
\‘7 "',{_’[ - v
p EARX
- FRE FFER
- b
b £ g ol T 2.2X10°m*/12.2X 10" km” %‘?
g TR _
> C| B A e A
T IE: 6.5 X10°m°/18.9X10"km? y A
STTEY R T ) 7
/e |
okt L2l & . '_':"‘ Lo P s ¥ X e
o BTRX
god| TEELFHES ; WX
i . T L FRE FFHES
,'::v 5.4 X10°m°/7.4X10"km*~ 5 o T 1.4 X108 m®/5.3X 10" km?
” }‘»- b ES R R = ¥ 87T
’ 16 HL = 1;‘¢ y AP
1?5;‘ - g AL ': B
< i ~::‘,“~ .‘,fv“. 7 - ;
= HEEAL

— T 5}
— SRS

FRE LFES

TR 5.4 X10°m°/20.2X 10" km”

,Mr/ \
Bl FR&REZTRAKAMKIESH A
Tk aREA AR THAY, ZOHKETFEFTRE, 2OTKEATFTRESF

® FEHE B[ 1265



_ T BT

100

80

60

40

20

BFEDE (%)

|
N
o

|
oy
S

—60

1957

80

60

40

20

0

1.1 KIDRX

1957—2018 AFR VLI H 1] 3K 7K SOk 2 4R 42 Ui
SRR ULIE 22 F b EIRAT AR Y, i 2 62 4F
RAILIEI ) i i B BT R, BT R
4.94%/10a (£96.5x10°m* ) , MK K56 {E 2.2, LTt
B RE ., FRWT IR R A mURAAE 2005—2007
A, 1957—2018 AFA VLI LT 38 7K SOk 52 H 7283t
MK K30 25 R UL 2. MIETHRAT LU 320 1) BT A
Aryigim a2 il ErbEs, 244 7401 i
mETHEREE, 3AH (A 4AM LA MR
RS W, ok 3 A4 H AR LT 3
ISYIRTE
1.2 EARX

1956—2018 4F 8 {u] 5 5 T 22 7K SCailh S M AF A% i

— BEEHE a 4
...... SR

A FFIE DL 3a Fll b, 3t 2% 63 4F ke BT IR TR )1 42 3
HEIHM TGS, THRERA —1.10%/10a (2
2.2x10°m’) , MK K E0MH Zye I —0.76, FREEHA
B FRN RIS IR, R B Bk
FEAE, 2878 R AEAE 1991—1993 4F, #IMJEIX 20 i
28 50 AFAR T I —e0 AR I E TS K 20
22 70—80 4FUR T /K5 20 42 90 AR AR I &
AL, B IS REEA T

IR IX BT 40%—60% 5 P 1 B 4F 71—
8H Bl XF 1956—2018 44 H 21 MK ki 56 245 R
(K 3c) RW, A H a4 a2 LRI i
Fo Hohe AR 12 AR R B, Ha 104
AWEm a2 T EESE, 5. SHMOH MR T

COIMKIRIE - --0a=0.05

-3
2007 2017 (&) 1957

2
(a) ®FIA 531,

e BTEHE a 4
...... SEBENTIY

1967 1977 1987 1997 1967 1977

——UF

1987

-a-UB b

1997 2007 2017 (£F) 1 2 3 4 5 6 7 8

KL B Ik K IGEF 2R T
(b) #4#27 MK #3;

(c) A42# MK #3

CIMKi®I(E ---0a=0.05

EEENE (%)
o

| EFEDE (%)

20

L

—40

—ad
—60 -3
1956 1966 1976 1986 1996 2006 2016(%F) 1956 1966 1976 1986 1996 2006 2016 (£F) 1 2 3 4 5 6 7 8

B3 HERET Z K 3E AR AR
(a) BRAAEF); (b) F#2AMKAK,; (c) ARKMK &k

1266120194 - #3445 - 115



suarkmrazsezs [

1.3 e DREX

1960—2018 41 i VLIE 2 AR 7K SC ol 52 AE 4% I
SRR UL 4a Fl b, MEIHRTLAF Y, it % 59 4F
RIVETLIE IR 2B BT, FTHERA,
0.91%/10a (#£51.4x10°m*) , MKK(E N 0.67, LTt
AR FRTTAN A 553 0 K A 7E 1965 Fl
2014 4F, 1960—2018 47 i VLI 5 #f /K Sl 5230 H
W MK R 5645 58 0L IE 4c. AT L H % 8 H
Mo A, HAbA G R BT E

2 AW bR T R EKE; 9 AR s
AN E MR
/|_,\/I/}_|:

ATIRIX DL 5% EAF K SCuli AR W k. A
1981—2018 4F3L 38 4F {42 I i A8 Ak S MK K6 56 4%

— BYESX
5B

P

(Flsafib) KE, KILIEXAERR SR E FTHE
P, PR KRN 2.15%/10a (£55.4x10°m?)
MK RS0 Zy F 1.52, LFHEHAREE, AR T
FRTE 20 2 80 ARARE D/, 5 20 42 90 4EAH)
PURZZ R, 278 KA 7E 1991—1993 4F . &L
JRIX 20 20 80 4FEAR—90 A4 P 1A It S A i il
20 {4l 90 AR E Ik A KT B, 52006 4F 2 J5 i
AR,

1981—2018 4F-4% H 423 MK Kz 25 (& 5¢) &
B, BRs HRMTH LS, & HRREEA EIR L E
W a Amn A bR, 1200 13, 233
H EFHEER 2%

1.5 HEEMDRX
1956—2018 4 &A1 VLU T 7K SCal S AR I

CIMKIRIE - --0=0.05

a=0.01

20

| EFESE (%)
3
MK 318

N
o

|
@
S

|
IS
S

|
o
S

—3
1960 1970 1980 1990 2000 2010 (%) 1960 1970 1980 1990

B 4 18 8RB AR K S sk
(a) BF1A) 5515

50 ——BTENE

SEBENTF

——UF -s-UB

40

2000 2010(%F) 1

2R EAC A
(b) %427 MK #3;

(¢c) A4 MK %Ik

COIMKKRE - --0=0.05 a=001 ©

30

20

BEEDE (%)

—20

—30

BFEDE (%)

—40 -3
1981 2016(%F) 1981

1986 1991

1996 2001 2006 2011 1986 1991 1996 2001

2006 2011 2016/(4F) 1

B 5 IR TARK I SRR BRI

(a) BFIEF 3,

(b) %427 MK # 3

(c) A4 MK # 5

® FEAT I 7] 1267



_ T BT

HARIE UL 6a Fl b, IWEIHAT LA, g % 63 4F
RGBT VLW AR S B Db s, L LR
}10.91%/10a (£45.4x10°m*) , MK K:5{E 4 0.85,
FAHERARE . FRREI KR, FE
ISR B BEPERRAE , 2878 B 0 i R AR TE 1966 4F
1998 4E A 47, 1956—2018 AFHE &5 AR 1T 400 R 7k 3C
i S A AR MK A S0 25 5 LR 6¢. AR TT LU HY
B8 Hah, HAb ]ty ife i R A B2 LTt
i, Hh &R0 EARER K,
1.6 3138

T8 e L K o T A VAL DX 14 5% B o T X
A RSN, AR IR A DX AR U A 2 BN [ A
W B, Hh RYTIE X W E T
HATTIR TSR B, AU TR R
0.26x10°—0.73x10°m*/ (10*km?-10a) , AbF[al—%:
G, Horp A B AR U i b T R PR R AT
KXo MARBEBAAE, Hied i EFHEfimk
T TR R HEG AT 4 MRS kT
A ZAR RIS OB F B, R R a2
RN H A TR R, X5 2RI 5
2 Z B ARt B T e 2 R B | 25 o il A i 14 i 25
UM

2 FREERETKNEW

TR L T KB IR T, XA R v
CEIR D T . P48 b T 7K B R i 0 i o
1105.7x10° m®, 424.2x10°m’ 1 635.1x10'm* ¥, ¥ i 5
JE bR A AR XN . R 3 AR RS AR
SRR B OCH S, WXRREME ML, KL,
B RVLAFE LI ARG, AR R IX IR 2
RIFAAEEE L,

2.1 MTRKEED TS THRHE

AT, o34 KR Hb T 7K %8 WA o 119 32 2 5 ik
Z JHT GRACE 7] TR BRI 456 KR K SO
B BT | A R SRR A TP TR

T 96 5 JEUK BEURAE 2003—2012 4F sk B2y T
A IS A, AR A0 9.7 mm/a, TS S A
Lk N 28 53 7 ok SRR A R, vk K S & D
20.2 mm/a [ BRLEBIRM S 980 Y 8 A 32 X d
Hb R EETE 2003—2009 4R 2N Ak, A4
SV (24.6£22.4)x10° m*/a . BYT—IRE VIR X
(17.7£20.9)x10° m’a, KILPHIX (18.6£16.9)x10°m’/a
FPERIX (11.4£13.9)x10°m’/a, 543K A (15.249.5)
x10°m/a. YA RMAP X (13.6£15.2)x10°m’/a

& ——ETENE & b COMKIGIE - --a=0.05 -mm a=001 ©
R SERTT -
g _----
40 '
7 o o 2

o

MK 123 {E

T VVVV TN

—40 —3
1956 1966 1976 1986 1996 2006  2016(%) 1960

o

(EFENE (%)

o

|
n
o

—30

1970 1980 1990 2000 2010 (&) 1t 2 3 4 65 6 7 8

B 6 & A i B AT K I3k 4542 R AL 4R AR
(a) BFRIAZ]; (b) $427% MK #%%; (c) H#&ZKMK £k

9 10 11 12(H)

@ #AERRT <2018 4 F B K FTRARY o

1268‘2019&-%34%-%11,5}1



suarkmrazsezs [

ERRES 37 (53.7£21.7)x10% m*/a LA KB 52 75 3]
B (27.7£9.9)x10° m*/a, &35 PR B SR L ik
ST PR R A L R R T ml DA B [ A =R
RO e AR e S S S R (EA I = v
CMEYH AR S Y R R R B L
W EREE (AU ) A ndE A E K, W
KA TET PR T BT M KA R R,
HEDRE R ol . 2002 4F 4 H—20084 6 H, ENEELI
(54090)x10" m*/a HEEAAIIHE K, A4 R KK &
AR T RS f KM AR PE & /K Y 2 %, X 7T RE 2 b
BR AT ZSARURASE (4 b, DX v bt T 7K I 2R B K™
2.2 HTRKRRFIES MM

G VR Y PN S EE b MR ey 1)
FAFAIT R I TE ARG o = e PR AT R vk R
THRLK . PR E BRI A, R K AE G R o
HANA ZAHESVER o MR K ARG X AR K
UKERK BN, BT = I LA RSB 7 b L
SRR RN TRK S A R A HEC

o ML DX ) i R KO Bl B R R R R gy, HLAE IR
WREEAT IR 1—2 km, I AT REAEAT Hh AR AR ) 58 Hh 208 1
TR, X AT R BEIR K AR IR AE R R B
AR T il DX ALY AR LI ROE R
AKGEUE A3 PR SO A DX S T 7K A kb
LR e 0 Y &S A S B E RN W B B B
PRI sc s . PRI, bR /KA Ot 184 it 2 v 422
B R SRR IR R
2.3 HTFKBRNEZHES

REDFFBEREY, B TR, 55h0H0
REBGFOKIN . BT K APER SAEEAERI 25 1 s
AL, TEMARAET ARl K TE R R IR X A
FEAT, TN AETT G T K LA AR 8RR A VR G A
FIGRAGIRRAE™ A5 /K nT 4 B Z g Age vh b b
REFHRLZ, KL 240 L 0T mlE
VR 2 P (75 b 8 KR b 7K =2 i) 114 o 32 2 T

K, WU KGR BSOS I TIUAL
T AR DX 3 T KRR 255 AR AERIRR A DX 3y T 7K
FURHE AR . fEAT RIFRIAIE T, AR
e S M T K BT K i R A S I I

3 FEEFRKZFEZNHFIFZIAIR

20 2t 50 ERAWILIR, FiE ez T RE
AU AR A, AR ROl 5 I B Ay BT
1955—1996 4F, 7 i oy JL Hh [X AR 24 <R A 10 4F 1T
0.16°C, 320 4L 804EFUr, 5 s HE A BEN ,
JEF 20 T2l 90 FFAA IR RAE . 1998—2013 4%, T
o AU X AR B SR A 1045 [ TF0.25°CT, 13X — R4S fi
PR AT 7 e VL KR P2 T AR ), A4
vKVRSE . EE R VR iRk TR YRS,
I B s AL b 780 5K B A T IR L R

UK 2 AIROK SERRAF T 2, 75 80 SR 4 A
HbER E 5 = RUKIRE, vKILEEIFL 50 657 km®, 7K
NLEAE A 4680 km®, JEAUHURIFE B 2 SR R IR 7K
BEIRARATIE o IRl SR A U5 T 5 e DT i 17 e 2
MERIR, DK R R 25 LT o8 3 e ST ) A2 I
(6% —45%. ABRASIE S BRI Al A E B, 7
T JEL VKT TR L 28 10 20 1HE22 70 4E4C Y 48 800 km®,
iU & 21 WA 44 400 km*, V3 4 4F 8 >
Y147 km®, IR RIK 9.05% FFEBIE MK IR 5
BORIREL, vk R IGR R T A TR 15% LA
o RIS TR L AR 2009 A5 7K1 TR
1970 4E53 B/ 20.83% 1 34.81%" ., vkJIE 45 &
FE e 1 R S AR i i 299 3 BCRAAE Dt i
Weke SR BRI, PR AR TR
EAREAAD R LLBIA R, AR 50T 75 8
DX AR ) 1 AR AR AL i B A #4028 S, BIMEAE ] — A~
IR, AR F IR R AR i AR A A BN
MR o VR M SR AT L, AR T R A A A
KA VKRR AN R KRN 3 R

® FEAE 7] 1269



_ “TEMKIE” BIZS L

— M, G AL . AR R ALK, )]
(N S -l ) N o AP [ B SR 8 A R D 2
WA VKN RlK 852 N KRR S, Bz i AER] 3=
SIS PR, UK A X 5 A YR B VR Y TTRR
R, A3 12% F148% . 1M 4 VT RIS Y 5Tk
RV 5%—7%, X e TR VLAY SRR R A 2 2%
KR . KT, BB RV A TTAR AR
TR EAMARIR, STk R 65%—78% 1,

— T, VK R A S SRR 1 AR
s, ENRKIERE, BEE K E Lm0, vkl
AR B2 08/ BRI T, UK RlKAR I
S RIS W AR S KRR SR E
VA DN TS S A 4 L <l NN 1
M BRAKAEML . IR R A G HRT IR
R, UNE R LUK F 093, vk
KBRS B AT REC S RN B, AR iE
T Al N T o AN S SR I G T R e i R Y S
BTSSR, 550 SR I AR T A E AR 10—20 4 2%
HBL KRR 8, Ande SB3eT | g i) DA B A VLR A
WG M S, B RAKI I, TR E e
JVBER, VKRR 3 45 LA T S AR e e

FRAE 2R —UOK B IREE A PEAN 1956—2000 47K B
ERI, LK 2001—2018 44 VT30 A P /e i T 7K
GO ARG T, SRRV TL . Ry A

1270120194F - 34 % - $5 11 8

B7 &M IEH KT ILE
(a) 1997 % 12 A ;

% FUR VLK e AN i el e s U A g A
b MR VKR IR R RN I s, Rk R
A H G K R AR A A B, Rk AR
SRR P IR R Y 2 2

PR BRIV AR R AE AL, 750 e J5 e DX
PRI . ARG LA T B, Filhn, bk
52010 4£5 1997 4EWIIATE R 24k (1 7) o 20 1
2270 AEAR—2010 4, 7 96w JBT HH L 17 99 IR
T Tkm® B9 81% MJECAIIAEARY 5K, Sk
Ul 7240 km®, AIVAEEFRAY 18.4%, 151976 4F:
FHEG, GRS A N T 51.8 km?, (5 i1AE
PRI 2.7%" L7 780 S A0k ) I Ak Ty o) 42 SRR P %
SN, WATAE L 5 URER BA B EE, L
UK RlK R AR I 322 SR e, T
HbRAR I B BN SRR A B2 K S
MY sk aHRE , LK R S 5 BRI 0 0
Ay TR, LA RAR TR A2 S AR
AR ORI BRSO - (E P N & 1

4 518

TR R SR AR SRS, b
. R ZERTMZAER TN EEREX, 2]
el B 2 K B U™ A L TR ML B P O 24 .
SO R R LIV ) R R L e VA

RS |

oA S

(b) 2010 12 A



suarkmrazsezs [

FRVT A 2 BT it 1) K A [i) 2 37 S 00 3 o b AN A 1Y
SCHR BSR40 T e J 25 LT AR AR
TR XSl T K ARG O, IR T T
e AR I B K B IR R 5 R ) 3 R AE AR

(1) Kiz. WA, Bicfedl &lA LR EF42
RER AR, FTRELAZAMA S AR H
dr, RVTIR X %, AR AR AR
FYW IORE, 5. MEMAFRTEHBKEETE N
W, ERRREAADE, BKMAHR S 20 RS
W2 R ) F R

(2) FRBHBARBTRERFST, RBMTK
TR E AR L Z I oA o RIS F I
DRl g SR L RS ) i oKk TRl . R - 1 il A
Forp EAE = VLIR XA A S ARt e H 45 (A2,
2 CEYHAKIE” KM b E P R A E R, ke
T BV BEE (AEHE ) R 45 50
TAKTCATHITER, M R KA s

(3) HREH R AEARLEZAIGIAY, AT
BRK A T AN RIR A AR KA KA. BT
s S N Ay 1) AT ST, WA AR LS
S E R A B W XA DG o A i T R e
DX Al A 8 PR S B T L 7K B e /e A 0 N A T
B, HMKIERE, BEE KNI, vkITRELK IR
Wbzl RIRAERFTFT, AUk RKRN S

AR L i 2 S BRSEHE I i A 2

SE 3R

1 CFE—REBKANEERRASY BHEA THERFL
SE A AT B ARAK G AL, 2017,

2 Yue S, Wang C Y. The Mann-Kendall test modified by effective
sample size to detect trend in serially correlated hydrological
series. Water Resources Management, 2004, 18(3): 201-218.

3 Fb i, BiE R, 19562012453 7T B K 42 i T AL 45 4E 5+

Hr. AR AR AL, 2016, (22): 178-180.

4 Guo J, Mu D, Liu X, et al. Water storage changes over
the Tibetan Plateau revealed by GRACE mission. Acta
Geophysica, 2016, 64(2): 463-476.

5 Xiang L, Wang H, Steffen H, et al. Groundwater storage
changes in the Tibetan Plateau and adjacent areas revealed
from GRACE satellite gravity data. Earth & Planetary Science
Letters, 2016, 449: 228-239.

6 Zou F, Tenzer R, Jin S. Water storage variations in Tibet from
GRACE, ICESat, and hydrological data. Remote Sensing,
2019, 11: 1103.

7 Aziz M A, Abul Kashem Majumder M, Kabir M, et al.
Groundwater Depletion with Expansion of Irrigation
in Barind Tract: A Case Study of Rajshahi District of
Bangladesh. International Journal of Geology, Agriculture and
Environmental Sciences, 2015, 3: 32-38.

8 Tiwari V M, Wahr J, Swenson S. Dwindling groundwater
resources in northern India, from satellite gravity observations.
Geophysical Research Letters, 2009, 36(18): 184-201.

9 Muradi S, Phien-Wej N, Giao P. Depletion of water resources,
issues and challenges of water supply management in Mazar-
i-Sharif City, Afghanistan. Research Journal of Environmental
and Earth Sciences, 2013, 5: 242-251.

10 Cheng G, Jin H. Permafrost and groundwater on the Qinghai-
Tibet Plateau and in northeast China. Hydrogeology Journal,
2013, 21(1): 5-23.

11 Ge S, Wu Q B, Lu N, et al. Groundwater in the Tibet Plateau,
western China. Geophysical Research Letters, 2008, 35(18):
80-86.

12 vHf= 3, W4R. F E 4 LT AR RIVK G R 458, 7kl
A £,2019, 41(1): 183-196.

13 Gardner A S, Geir M, J Graham C, et al. A reconciled estimate
of glacier contributions to sea level rise: 2003 to 2009.
Science, 2013, 340(6134): 852-857.

14 Kédb A, Nuth C, Treichler D, et al. Brief communication:

® FEAE 71271



_ T BT

Contending estimates of early 21st century glacier mass balance
over the Pamir-Karakoram-Himalaya. Cryosphere Discussions,
2014, 8(6): 5857-5874.

15 Yao T, Xue Y, Chen D, et al. Recent Third Pole’s rapid warming
accompanies cryospheric melt and water cycle intensification
and interactions between monsoon and environment:
Multidisciplinary approach with observations, modeling, and
analysis. Bulletin of the American Meteorological Society,
2019, 100(3): 423-444.

16 Wu S, Yao Z, Huang H, et al. Glacier retreat and its effect on
stream flow in the source region of the Yangtze River. Journal
of Geographical Sciences, 2013, 23(5): 849-859.

17 Gao J, Yao T D, Delmotte V M, et al. Collapsing glaciers
threaten Asia’s water supplies. Nature, 2019, 565: 19-21.

18 Lan C, Zhang Y X, Zhu F X, et al. Characteristics and changes
of streamflow on the Tibetan Plateau: A review. Journal of

Hydrology: Regional Studies, 2014, 2: 49-68.

19 Zhang L L, Su F G, Yang D Q, et al. Discharge regime and
simulation for the upstream of major rivers over Tibetan
Plateau. Journal of Geophysical Research: Atmospheres 2013,
118: 8500-8518.

20 FRA=IF, R, B F, . kA B BT P E IR ERZ
FEH k. AR A H AL, 2019: 66, 171-179.

21 Zhang G Q, Yao T D, Piao S L, et al. Extensive and drastically
different alpine lake changes on Asia’s high plateaus during
the past four decades. Geophysical Research Letters, 2017, 44:
252-260.

22 Liu J, Kang S, Gong T, et al. Growth of a high-elevation large
inland lake, associated with climate change and permafrost
degradation in Tibet. Hydrology and Earth System Sciences,
2010, 14: 481-489.

23 BA, HKIERK, HARIE, F. 20004 20k F & R A A @ AR
TG AAE S E 690h % AL HAFE, 2019, 31(2): 573-

589.

Evolution and Trend of Water Resources in Qinghai-Tibet Plateau
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Abstract

The Qinghai-Tibet Plateau is the source of major Asian rivers such as the Yangtze River, the Yellow River, and the

Yarlung Zangbo River, which is known as Asia’s water tower. Analysis on the evolution rule and variation trend of surface water

and groundwater resources in the Qinghai-Tibet Plateau is of great strategic and scientific importance to the water resources, water

ecological protection, and future regional development of the Qinghai-Tibet Plateau. Based on the analysis of the observed runoff

series of hydrological stations in the main rivers within source areas, it is found that the surface runoffs in most areas of the Qinghai-

Tibet Plateau show an increasing trend impacted by climate change in terms of more precipitation and rising temperature, and indicates

significant changes in seasonal processes. The runoffs increase more significantly in the source areas of the Yangtze, Nujiang,
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and Yarlung Zangbo rivers. The results demonstrate that the dominant factor is increased glacier and snow melting flow to more
groundwater and growth of plateau lakes, due to temperature rising. With the depletion of glacier and snowpack, the melting water will
be reduced in future. Therefore, the break point of increase to decrease will arise in some river runoffs. Thus, the water security of this
region will face new problems and challenges. High attention should be paid to the global change impact to water resources evolution
in the Qinghai-Tibet Plateau, and positive responsive measures should be taken.

Keywords Qinghai-Tibet Plateau, water resources, trend analysis, understanding and thinking
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