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X, 5000 BRI | o 7 37 ) AR 2 A A5 2 A A R E AU 2 o AR SR 43 27K SRR R ARS8 Bl k9l 1951
2005 4E 1 A A, AT S K AIK AR A A FAEBR AR AR AR LA R S AR i 52 . 25938 O Bl gikim] ™ g IX.
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BT AR TP AE 4-9 F o5 AR P IR 1 83% , MR IAL  HE AR 1) 4L 4300 o AR I Ak 1) 38% . 46% Fi1 16% ;3 (B) Mann-
Kendall {ESEUK 55 (0=0.05) {871k , 1951-2005 4T [i1) , BT UERA] 77 35t DX R 7K 5 4 25 s/ Dk 34, ST A Wl 25 e fa 3 T
T UK R Y R VA R TE 1995 4R 2 5, PR AR B TR K ORI TR, i b
RN, 1996-2005 45 1951-1995 A AH L, WY F5 7K™ i 43 B 2 35% . 20% 1 4%, B /b T 21%.

X B8 IR A AR SRR 5 BT Uk 5 =5 730 5 Rk o™ O

1 515

o] o] 2 R TV e R T, B eI |+
JE 2 A | 24 1) v 3T ) B K SR R RO
i FEKPH(Nezlin et al, 2004), B AT A KL
PG BRI AR fo PG 30 , At Bt L DX 3 b B
T KT 22— (Viviroli et al, 2004), #2837 & 2K A
RV R0 VK1 @K J8 B — oK ] b 45 78 ) 3
(Froebrich et al, 2004; Conrad et al, 2007), HF 5% Bif
T TSR AR R B R L S VK S R
A7 B T I TR Bl 0] K [7) 28 R I 35 448 U o FR A2 AL RN
A, R A UK BER B T &R I S %

e IR 30 388 T DX S 2 B TR R s ke
Xof HAKAEERAF 5T Jry B T — 2 PO 7 PR A I 5E 3
S A4 3 Ao AR 1% B ] 810 43 BT (Savitskiy et al,
2008) , BT XA 1] 52 38 ) A K SCR AR A
H A NG ALK AR R A 5% T (Hagg et al, 2013; Kure
et al, 2013), X FREM PRI L fl S5 = i 2 7 o il =
A5 RIS .
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AT R AEIR TS HRT IR R DU R R A 250 AR5
TR AL o v WSRO B R S, 421K 921 km
(Nezlin et al, 2004); FELAR IR B 45—, T4 524 km,
W% AR VAT | BUAR A V00 Y S 0% Bl i), R AR R JE H
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Fig.1 Headwaters of the Amu Darya River, Central Asia

vaetal, 2011),

B Bk 7= g0t DX T Bt A, 52 22 (6-8 H)I
PP A F(12-IRFE2 R 2T, TH R
i AT 1K 26~30 °C, 1 Al IR E-30 CRLR . £
AR HRE K 1 500 mm A AT, =T AT A& R
PIZE(12-IRAF 5 AR F 5, AiAFRK L] 77%, &
FR(6-11 F)REIK (5 1 23% ., &R FEK AR 1y 32
FARBROIFNE VKRl 6T A2 i o2
piHk(Rakhmatullaev et al, 2010),

2.2 SWAT-RSG &85 /)

SWAT(Soil and Water Assessment Tool) & —|>
BTk AR 0y 43 A 2K SCEEAY (Arnold et al,
1996), 7EAN [A] Ufie G sk AL | 13 | LA a5 R
b A8 RS i A5 F T B K AE BRI S A Tz
(Gassman et al, 2007; Arnold et al, 2012), SWAT
YA R TR 7 AR T — Rl =5 7 A AL A e O L 1
ARG KN DK SGEFEBAURE 1 o Luo 47(2013)45 &
VKN SC2E I BE J7 16 FT SWAT B8 [y e o, 2
T —E A X vk K SCid BB T 2, JF A
SWAT2005 A, figg ke 1 1 JH SWAT RERUBLLIR |
L VKT R, 32 R AR v A A i
SE IR 7K SO 3 BTG, 4 K 7K S R BT R 3 %
SR AR AR E AR KN A R SR, AR

P AR YK 1 0 A7 A AR A S vk AR AR Ak,
FRE VK AR AL T oK) AR AL, vk T LS
VKN B R A o VKK ST Y shas R
B2 s, RT3 716 ] S5 56 3R (Luo et al,
2013), [Af, Luo(2012)i 42 T — AN 1k« WU
AW L E K2 3, ik T SWAT2005 2k
FHZRE PR READL 5 7K 2 SR AS AR 11 ) R
BRI, 25 S0 5% I AE SWAT2005 RS 35l 3547 T F
IR T I A AR T X, 12 i SWAT-RSG
(Rain, Snow and Glacier)f# 7,

FEAR R WIE L E 77 U R iR LT
b7 1 5 o ) P <3 B SR 1 a2
RS K R K 5 3 =35 53 T8 1, B ™
UL (Qrain) &5 J 35k P K THT LA S A 8 W9 11 53 L 4 78
B HTE  ABRIZER G R AR B F 4y
7 i (Qsmlt) 2 VK I LA AN G A5 fil K £1) 38 b i 1
PR zE &k JOER 5, BT AB, M E it
Ak 5l R4, 7E E] R — e (255,
2004), H S =it/ TRl oK, STk
[E =i = N7 AN A P 2 N S e £
FlK B BT A UK T K 5 oK) Bl K Al —38 432 PR
S5, DK I R TR A3 2 R S VK, o AR VK ERIE LR
L5 VK Rl KRR K T B 7K 30 38 KO A i 11 A 3R
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Fig.2 Schematic diagram of dynamic Hydrological Response
Unit method (Luo et al, 2013)
(Tav is average daily temperature and SFTmp is the critical
temperature below which snowfall occurs)

1 B UK =3 & (Qgmlt) (B £ IR, 1991; Unger-
Shayesteh et al, 2013), FEF flE @l vk ™= Ji e B
(1A b A% Tt 10 5 T R A 2 T 33k ) 1L 1R B 1
TRV — 53 T Rl Rk A LR
W43, B LA 1) 3 T8 Stk AT I8, o — 20N
K2 VISR IE 20 AT , 3 PR 440 R i A
A FGA H L A B AR IR 53 A —3R 57 o
2.3 SWAT-RSG &R E #) 5
2.3.1 ZS AR A

SWAT-RSG 152 1 #5075 L4 A Ik 3ok ey P2 450
B M S VK BE . A SCR Y
BARE AR 1 iR

HWSD 384 4 it 1 43 = k) - ek 9
A ALK S AR R R ERME R AR E
ANV FRIF K 1 KRR SRR Y SPAW T H

3T A ROK R AR 5 S R SWAT
PR+ K ST E NS T i) =
T AL FE 16 132D i ARERL > ji 0 4325
SR PR AR SR N B 3a TR

A SR IR T 1951 48, 75 vk )1 AR
ST T AR = e TR Y SK (S EivR7 9
IK SRR R LR L, AEL 1 TE— A BE RS HL (AL e 4 o] =
T X ARE B A ST B TR T LR R 2 R R
VKN ESE (Pamir Glaciers Dataset V.1)-1970s , K
IR UK B4 £ (Pamir Glaciers Dataset V.1)-2000s Fl
K148 H WGI(World Glacier Inventory) £ JE K
JEHR AL E A5 5 Kok )1 B 5% 5 BRI K R
2009 4 - b I 178 55 B G 9T, IR SWAT A58 + 1l
R R 55 50 2, By ko] 7= 37 X 4 434 8 4~ +
i B 25 R 2R (51 3b).
2.3.2 SRHHRHA

P T e TR DX OO e e =, AR SR i 4
e A% H I il <5 B 5 APHRODITE(Yat-
agai et al, 2012)F1EBRET R R 2744 2 1) 2 3R S5 8L
#jit £ PGMFD(Sheffield et al, 2006)., APHRODITE
F1 PGMFD %8 4 45 #6175 H K & F1 H <l .
APHRODITE 2y 4 by [ 08 I 54 119 2 (R4 1, 25
1] 4338 % 0.25°%0.25°, Hdl 15 51 < 0 1951-2007
AF s PGMFD Sz 25 45 1 T ORI 45 A 5 ) ) 2 KK
FReE 5 s AR T 0 (NCEP-NCAR) 43
BT ge R 28 A, 25 0] 43 HE% R 0.5°%0.5°, J7 31K
£ 4 1948-2007 4F
2.3.3 FIRAK SR ITRI S

FEFWFFE X 1Y DEM | + 38 & A1 4 st A 7 5
&1, FIFH AreSWAT Y it 3l 43 T 93 X 4] 43
K 1715 T 17581 47K SCBIE(HRUs), H:
Hh AR YAT A R 29T FUBR AT R R R 2 HT A
TR OR DU 43 A0 45 141,325 .96 A1 153 4~ F itk
12081.4011 676 F1 813 1~ HRUs, LA & 65062207 .
268 F1250 P UK)NZK SCELTT . et 38 AR 435y
156653.39238 11540 Fl1 13533 ki, 77 37 X T AR 43 5011

&1 T F SWAT-RSG RREUAR L o 0 B 483 58] 7= 37 (X 3R A Y == (8) 4504
Tab.1 Spatial databases used in modeling the headwaters of the Amu Darya River by the SWAT-RSG model

S IR R gk B3
DEM 90 m ESRI Grid B b IS 15 ) 2H 21 23 8] 45 1 A 14 (CGTAR-CST)(http://srtm.csi.cgiar.org/)
+ 1:100 J7 Arc/Info Coverage 1 FLHE 4141 FAO # HWSD(http://www.fao.org/nr/land/soils/harmonized-world-soil-database/en/)
A HE 300 m Arc/Info Coverage BRI =) 2009 4757 Wt 7L T2 2 Hi &
I k)1 2 H Arc/Info Coverage [H 5 VK 1] Wi I ML (WGMS) T 1989 4F & Aii i 11 L vk )11 H 5% (WGT), 1 2K 2R vk 1 % 4 42

(Pamir Glaciers Dataset V.1)
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Fig.3 Soils (a) and land use/cover (b) in the headwater catchment of the Amu Darya River

138079.32380.6035 1 6170 km?, vk 1] i £ /5 77 7k
DX TR FR A9 051 K 4.6% . 12.1% . 1.8% 1 1.5%,
2.4 RESEIS5IFEN
SWAT-RSG 15 2 Z B A AR 4l 7K Sl 52300 42 3t
BT TEAR I S AR i K SO 5
WA B Y 1961-1985 4F 9 4~ 7K 3¢k 1 H A2 i Bl I
G o KA I 0 3 B A B < 1961-1975 4
T SRR E,1976-1985 FH TS BEE . R
Y A% % % % NSE(Nash- Sutcliffe Efficiency, Nash
et al, 1970), A 47 Hu /2= PBIAS(Percentage of Bias),
PR 2R AR S Ui REUR) 3 AR IEM BT S5
AR . PP R bR R IR
Y@ -Qn)
NSE=1-—"— (1)
Y(Q@" -

Y -Q)
PBIAS= "'
(™)

1

x 100 2)

n

Q- Q- Q)
RZ — 1 (3)

jﬁ(Qz’“ - ) j Y(er-Qum)

s Q™ WA i A SHIA, Q™ MR i N ELALLE
QY SASLIE, QU SRR IE , n Sy S
Bl

SWAT-RSG IR 2 1L - HE/K 3 K B
H—E VKNS 2 T K SRR, 3 RS HOAR
%, SR T Hrp 2SR AR AL IX B] (Li
et al, 2010; Z=E 4% 2010; Luo et al, 2012; Luo et al,

2013; FHEEE, 2013), ASSCHF FRSCHk4S H i 2
BOHATEE A 153X S SRR X /] (R 2),
YE 5 SWAT-RSG # RIS HIBUE I S

3 R0

3.1 REBESHEESHEN

SWAT-RSG 1 5 Z H{b 45 3 5 2 500w i iU
—ItRTER 2, IEEAOKE  ZEBTIRAT = i IX
S FIUE AR T SCERZE A B8 5 S50 e
XA, W28 H W S BB 2 S B . i —20, R
iR CINVEW 7w I S| 7 R S R G Y S LI U S5
L AR 7K Sl LI A e SO A i A S R
FE SN SAEIH R PEMT FE bR NSE \PBIAS I R, 51| T3k
3o FEFREW, 9K 30 8 4 NSE KT 0.75,
PBIAS 453 HE/N T 15%, RPK T 0.8, )8 T & "
5l (Morasi et al, 2007); #i 7K I3 1] {4 Dashnabad 7K 3C

F2 LA = X SWAT-RSG #EEI S H({L 4 R
Tab.2 Calibrated and validated SWAT-RSG model

parameters for simulating the headwaters of

the Amu Darya River
” . EEIRELIEE =
BH X . o
ARulE fHAEE

ALPHA_BF FEii iR 24U 0~1 0.02~0.8
RCHRG_DP 2 FiB H 0~1 0.4
CH K2 AT3E F7K 2/ (mm/hr) 0~300 10~50
gmfinx FKRKE B A F/(mm/(C-d)) 1.4~16.0  3.0~14.5
gmfmn e/ NEVKIE F A T/(mm/(C - d))  1.0~16.0  1.0~8.8
SMFMX I RESEE HHF/(mm/(C-d) 1.4~6.7  2.5~3.5
SMFMN — FHv/NaS R HEF/(mm/(C - d))  1.4~6.7 1.0~2.5
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v 1 NSE 47 0.74, PBIAS }1-15.8%, J& T“ R If" 4%
B, I T I 5 7 90 (Morasi et al, 2007). 7E
YU, B ELAR IR (R I 2R 8ty 5 2% 4] 5 7K H 3l )
NSE 4353147 0.74 £110.33 , W5 750 ) Khorog 3l FlJ5 /R
U Y Karatog 3t PBIAS 4 23% 11 16%41 , HiAth 7k SC
Ui (%) NSE il PBIAS W4 WHE I 53 0K T 0.8 R/ T
15%. WASKRE , SEALRE T BRI M gL 57
7K-F-(Morasi et al, 2007).

Bl 4 5 T LA /K SCl SE B AR i R i
NP B ELAR AT 7K L S5 7E 1979 4F J5 4 AR HUE
Fb S DUEL AR IR A , FEAth K Sk B UL A 5 S 5k
FEW) & R, FEAR AT DL Wi i bk A A48 i AR b ik
P AR AEAE 2 5 T BRSO 5 S0 o 2 S 1) i
PR A

(1) 253 50K LG 7E 1972 4E TP 4R K, 1980 4F
BN, AR SC B 5 L™ 3 X A AR T RREAE
G ARSI R % JEOK IR 2 DIRE , FE 1979 2 )5
ANBEASALL H 7K H 0l 5 R B VR R B AR I o

(2) -2 HAHULAR It i O e ORI, R BE g
A BRI 5 S AR A R 22, X S AR R /S,
Gl ARl A G, IF B AR R — T iR
Ivi) e At (R R /IS ph R K i R A SR A 1
1 SO0 P A ) S5 3 1) AR ) DXk ] — R K
AN, B H AR A It B K s /IR O

(3) 2-4 H BEHUE 3 5 S OB R A, 222
TARIRE D Bk L R Rl R RS K T8 HE
HH BIYAT S B () S SR 25 0 STV T AR UL o b S
W /N

MBS LA RPN TEAR KT, L BT AR )

&3 SWAT-RSG 2B i il FI4EEA) =37 (X
SELHITMIEIR
Tab.3 SWAT-RSG model performance evaluation indices

for simulating the headwaters of the Amu Darya River

AR SR

piRC K3
NSE PBIAS R*  NSE PBIAS R

WiFRI  Khorog 094 557 094 0.87 23.00 0.95
_ Garm 0.77 -6.68 0.80 0.74 -9.09 0.77
FLAf T
Nurek 0.88 -0.10 0.88 0.33 -4.61 0.61
Alibegi 0.88 -2.33 088 0.85 9.04 0.86
RHRE
. Chinor 0.87 482 09  0.88 992 094
i

Dagana 0.89 1148 093 092 880 0.94
Karatog 0.89 649 090 082 1611 0.86
P/RDGA Dashnabad  0.74 -15.84 0.87  0.80 -11.26 0.82
King-guzar 0.78 —4.50 0.79 0.89 -6.65 0.90

X 34 37 1) SWAT-RSG A5 7 F1 S FU BB AR 4f 1) - 0]
RIE SR o
3.2 BAARSAIAR T A N AR 4HAE

iz FH © 4 (%) AT 4Rk 77 it X SWAT-RSG 7K
REARY AL T 1951-2005 4 H A2 ol 72, 4% A1(10 H)
giit, niE 5 Frs .

Bo] G m] = g [X 22 A B4R K £ R 511 mm, [
IKEHRTELABFERT(12 A-RAES B), i &4ERKE
B 77%,7-9 A BEKE > o BT UHA] 7= 7 X 2 AEF- 3
PN 658%10° m’, IR N 360 mm, FEIAFR N
A SRR —3, R E 49 A AR B
83%,7 HikFNIEAE, 9 A Z J5 SR T .

P S R 25 T R g A e 3 =843
PR, 5350 o5 = B EE BB 38% (46% 1 16%., He
o TR K AR I BT 50% , X TR E
AR AR P9 A0 i A ELA A R R X 4
FEE A K 0 A R
3.3 FHEARIG A XIS 5 k) F= R
3.3.1 AN ASR A R B A BUREAE

6 245 A) (10 H)ZE 1145 21 (14 B] 1 30] 7= i X

o RN A

6007 ;. I8 757 Khorogii EFRM BRI R
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Fig.4 Comparison of the simulated and the observed monthly
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streamflow values at four gauges located within the
headwaters of the Amu Darya River
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Fig.5 Seasonal distributions of the precipitation,

evapotranspiration, and runoff simulated by the SWAT-RSG

model in the headwaters of the Amu Darya River

1951-2005 4E ZAE - pe K d Fe gk . b s B4
FE3-7 H P IRIHE R 2 AR, BE& M1 2SR T
WL R4 AP anARIERR, 27 AR S 45 9, Xl
AR P oK R R AR il S R AR 7] 5 16
PSR ; VKN = AR X4, 6 R IFER , 7 IR
8 H WL EIE(E , 9 A IRES A, 6-9 H vk 1™ 3t i ™
T LG A 25% 5 BERR P 4R AE 3-5 1 s 7R |
KA R AL EE R R A2 A 7 A IR B0 (E

W% 4 FroR , 1951-2005 451 18], B] 4kyn] 77 7 [X.
ZAERFIREK 511 mm, HA BEE 5 62%; 77 i it A
360 mm, H AR VE UK LA 18:67:15, fil Y
FIK N 7= A2 I ) 32 B A A UL 5 7K S
A 17.1 mm (175 8, BEK RS Rk = HRRET
i, EER R R AR NS TR
3.3.2 FRIAERR AL B

i 1 Mann- Kendall # # k5 % (Kendall, 1938;

1951 1961 1971 1981 1991 2001
£

Wk =g 1

I e e e e e )
9 12 15 18 21 24 27 30 33 36
Gl
K16 SWAT-RSG RIS LL Y Bl Gy 7 it DX [ pi AR =5
filvs Rl vk K AR N 3 S A
Fig.6 Seasonal distributions of rainfall and snowfall,
snowmelt, and glacier melt simulated by the SWAT-RSG
model in the headwaters of the Amu Darya River

F4 1951-2005 F B PSR =i (X % B Tk 8 TR
Tab.4 Annually averaged water balance componentsin
the headwaters of the Amu Darya River, 1951-2005

KA BRAK S IRAL R K/ mm He /%
[T 511
[Tl 195 38
F=5 315 62
TR 360
VKN = 53 15
TS =3 240 67
R R i 67 18
ZEHL 168
F-A -17

Mann, 1945)(a=0.05)%5 5 @ 75 , Bl ARHTR] 7 3 XA 33
AR B EFEN0.19 °C/10 a, [FK
D B DA 13 mm/10 a, Hp
R 2 ] Rl a3 (18] 7). 520 K
A AN e e oy <k L Ve W
LRy =E I SR N B < TN N G B

7001 BB —e— B —e— WJIF=ii 90

1
=
£
108
=30
0+ T T T T T =50
1951 1961 1971 1981 1991 2001
L2

E7 1951-2005 AT gkim] =30 IX B K SR B AT P23 KN =3 e AR PR LR AE
(BERARTA AR HELE 1951-1995 4F-F11996-2005 4F W41 BF-347{1)

Fig.7 Inter-annual variations of snowmelt, glacier melt, and total runoff in the upstream of the Amu Darya River, 1951-2005

(The dotted line represents the average values of variables during 1951 to 1995 and 1996 to 2005)
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PERTR , B i i 2 1 25 e i 3 AR 30
2.6x10° m*/a, H.7E 1995 4% 2 J& 7= it & /b i i 14
K (& 7b),

1 1951-2005 4543 P~ BF B < 1951-1995 4F (1)
F111996-2005 4F (1) , B 45 i Be il L B /K A4S 72 3t
N YEBEAT X L, e 5 BoR . AT (1) it
BE, BTyl P it IX A (1) B BEAE <R BT 0.66 °C,
R KU T 14% , o B 970 22% , B TR A8 {4
WNo ZLLERZERW, BRI T 21%, Hr,
Fl S PR R D 20% , 1T US4 R R U B S oK)
FEWIR A 4% SR A BSR4 vk 1 K
588 FEE BN, AELIAE SR K ek 2, DT I /K R IR AE D
BB R T AT = 5 R A oK Al K 35
FREE, BRI = Al /b 5 S e R W s i, 2L
AT AR T R T B R K, R R I e D
35%, H1 RS FEATH, 1951-2005 4F ) Fa 4] 7= i
X 2SR T e R K Ug D (R S, A3 3 S s R

35 1996-20054F 5 1951-1995 F MR =R Xk 2L LLAL
Tab.5 Comparison of the variations of average annual
temperature, precipitation, and runoff components in the
headwaters of the Amu Darya River Basin between
1951-1995 and 1996-2005

Y AR B PR AUN 1951-1995  1996-2005 AN AE{L
SiErC -0.96 -0.30 0.66'C
[#7K /mm 526 454 -14%
¢35 191 194 2%
ety 334 261 -22%
7=/ mm 376 297 -21%
VRN P 53 51 ~4%
A IR 250 200 -20%
R 3L 72 47 -35%
ZEH/mm 165 177 7%

4 Hig e

() AR HEA N VF K= il Bl aE
14537 XK SO RIS B] 4B 7= 358 [X. 1951-2005 4F-
B H A PR RE 9 AN K SO g
BT SHCRERIE . 258 R, 55550 55 /K L il
A, HiAx 8 ANl s B4 SR A% R R BRI O R AL
PIRE T 0.7 L b 22 A/, 28 WA R0 A By 4k
TR A B s F M BEAE IE— 25 0BT e A
BURFE

(2) BATURAT = L X =i B AR R 4-9 A, i 4
1F-83%,7 Hik 3. MWIEX LA, MR 3L
4390 AR T B 38% 11 46% 5 MO TR 7, B FlTvk
JHERZK P340 5 P 67%A1115%

(3) 3 A X5F BT AT 7 35 X 1951-2005 4R (R
IK B 7= A R B ATT 2 B Bl Rl = 3 X R K 3
WD AR TR . R RS A R
= i P D e RRIE AR 1995 4 2 )5,
DR BN, B R AR TR TR K8
HIEL L 1996-2005 4F 5 1951-1995 4EAH [t , 77 17 5 ik
DT 21%.

AT ARG IS 204598 < 7E 0 25 L4, By i yof
WU B AL I 5 ek 2D # # (Savitskiy et al, 2008; Ols-
son et al, 2010), (HHFAEH F H 1L FHAR I, R AEHE 7~
PR RRIE o TS UK RK O TR vk ISR
FERN & J S B K G e, B HAE B 2 5Kl
K 2 BT TR (1) 2 B KU o AR SR R B ik kA
A8 1 1 43 A SO SCRBERY  SEBL T8 35 VKRl oK =i
MR A S R e R K A AR Y
FAEBRAR AR , MAILEE 1 SR A AR T 773 S
TR A AL FUE RN 3 A RRAE , 1T Ry K 0% 545 B 42
ML TR o (F Hy T I3 A 1A K o] QB VAT 7= 3 X g
I8 5 2 s ], S 5 BOK SCBAR L=, B AT
BOE DL [ K R R AR SR A el T R S R
S5 RATHE— B WO M, 4 J5 T EAT AN oy
BT, B ORASALL 45 SR B 5L A S R m] ) I
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Runoff generation in the headwater of Amu Darya, Central Asia
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Abstract: Amu Darya is the largest river in Central Asia that provides water resources to downstream water
users and flows into the Aral Sea. Runoff of the Amu Darya River is dominated by snowmelt and glacier melt
originating from the alpines. Quantification of snowmelt and glacier melt contribution to the runoff is important
for understanding the dynamic characteristics of the streamflow. This study investigates the glacier and snow
melt processes in the headwaters of Amu Darya by using a glacier-enhanced SWAT model. The simulations were
run through 1951 to 2005. The results indicate that the SWAT-RSG model could well estimate the monthly
streamflow process of the Amu Darya River Basin, and the efficiency coefficient and absolute value of PBIAS in
the calibration period (1961-1975) and validation period (1976-1985) could be higher than 0.6 and lower than
25%, respectively. Snowmelt and glacier melt contributed 67% and 15% of the annual runoff. The Amu Darya
River is mainly supplied by melting high-mountain snow and glaciers, which was concentrated in March to July
and June to September, respectively. Owning to the combined effect of rainfall, snowmelt, and glacier melt, the
runoff is concentrated in April to September, accounting for 83% to the total runoff, and the peak occurred in
July. The results of Mann-Kendall trend analysis indicate that precipitation showed a significant decreasing trend
and temperature showed a significant increasing trend from 1951 to 2005, and experienced a sudden jump in
1995. Due to the change of temperature and precipitation, snowmelt showed a decreasing trend and the value
during 1996 to 2005 (Period II) was 20% lower compared to that in 1951 to 1995 (Period I ). Due to the shrink
of glacier area and reduction of precipitation, glacier melt showed a non-significant decreasing trend between
1951 and 2005 and the annual glacier melt in Period I was 4% less than that in Period 1. Despite that the
rainfall had slightly increased, the rain runoff was reduced by 35% as a result of the increased
evapotranspiration. Consequently, the streamflow was reduced by about 260 million m* each year from 1951 to
2005. The runoff showed a 21% reduction from Period 1 to Period II. The study of runoff generation
characteristics in the headwaters of the Amu Darya River can provide references for the water resource
management in the Amu Darya River Basin and Central Asia.

Key words: SWAT-RSG model; Amu Darya River; snow runoff; glacier runoff



