HoERF}
Earth Science
ISSN 1000-2383,CN 42-1874/P

(HuERBEFD WL E RIRIC

A - IR AK = A TR A HE S

= P, B, EBKJ), IR, EES, SOLYIL ERCR

WA H 4 2025-01-03

Mgk Hi:  2025-02-12

51 R kg, 2, KT, RIRAE, EER, ORI, ERGR. mEARAEK

= AMPTBURHE R [J/OL].  HhBRALE,
https://link.cnki.net/urlid/42.1874.P.20250212.1556.005

@NKit s

www.cnki.net

PEER: (EgER TR, FtENF B R ER TSR ER. Hoefa. B0 e
B ERERBNACSHE, HIBSRTITF. EmAad AR, HERse e A e i i
TR CRIEM L LI HERUE R, AT AR . WIS . B e R R
FRAFE 45 W1 DUIL8) O e (0 ED R Sl Hh AR A B T S 1 o S e R X 468 1 R R N 2 L 2B & (il
SR FLAG) A T H B EE ) e FARI AR BA QIR RHEERGEE, FF 6
BRSO R, AAETE S AR AT g S HARZ AT s R ) 28 BB A & [ 5 R T
HAR R AR R, ERE MG —HEIE S 7 f9 87 AU BE 1R E T AL Mo B AR S
NHIARSE e R 4 1 R T e, e R — & RAT, AMHESORSOEH | 1EE . MU A RRFISERNE,
FURHE T YmBRa AT /D S SO B .

HERBA: 400 g 5 (P ESART OefBo) BraELGRARZY, £ (hHE
FARIAT (WD) R & LA S 40T T P9 25— B 4 i, DLE RS B A O 20, 7 B
W /TR SO s i HERCE R B e Ae . R R E AR (2RO ) 2 [ 58T H
PG FEL R TR 1) R 2% S S R H YD (ISSN 2096-4188, CN 11-6037/Z), Ft LAZS LI 3T (1 44 i J4 4 1
KRS IE AR



2025-02-12 16:17:12 https://link.cnki.net/urlid/42.1874.P.20250212.1556.005

doi:10.3799/dqkx.2025.014
REZITRK = A INTTRGFER

PR L2, B L BRI, RRE D, R L, Sou b2, EelR b2

L WA S RN E R E e s (hEmRy: AERD)  JbaT 1022495 2. WEAMAY: (b0 HIERREERE, bR 102249)
WE: AN ROK = AN TORRHE M A K R 82, s AN R E AR SR T = AN s
M5 W RURFIE, A SO T EURTUR SR SCBRE, RIS 1A e T AR B T i =
TR BB R T B FER M. IR AR HITE I RS R N OB, 20 = F it SR 5 N
W RURSAE; R BRI, =AM ERIR, TIESE R 2 XRIEF, WIMEE A, iEH
BREWN, VIBEIAY YR, =ZMNEANE R, REB TN MRERLFTT, ZMNEZEY
AR, rimiE R HARE, DO TR, FRERE LR - B S0 AT AR, = A TR A Ay
L= 2= T B (R 2K A
R FEERK = DUREUERS RiEA DR AL
HESEE: P512.2 oA H3$: 2025-01-03

Impact of Discharge Variability on Sedimentary Characteristics in
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Abstract: Discharge variability significantly impacts the sedimentary characteristics and growth processes of river-
dominated shallow-water deltas. This study aims to explore the macroscopic morphology and internal architecture
of deltas under different discharge variability conditions. Based on modern sedimentological and hydrological data,
numerical simulations of deltaic sedimentation under varying discharge conditions were conducted using a
hydrodynamic modeling software. The findings indicate that flow variation controls channel migration rates and
avulsion frequencies, thereby influencing the geomorphic and architectural features of deltas. Under high flow
variation conditions, deltas exhibit fan-shaped geometries, frequent avulsion, bifurcation, and abandonment of
distributary channels, resulting in complex channel networks. Channel numbers increase significantly, sedimentary

material expands laterally, delta areas grow larger, and shorelines become smoother. In contrast, under low flow
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variation conditions, deltas are primarily bird-foot shaped, with fewer and more stable distributary channels.
Sediments concentrate at the river mouth, and shoreline roughness is higher. These findings provide a scientific

basis for analyzing similar deltaic sedimentary patterns and predicting hydrocarbon reservoir architectures.

Key words: river-dominated shallow-water delta, sedimentary numerical simulation, discharge variability,

sedimentary architecture, evolutionary mechanism
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1.1 Delft3D JTAHUE AR B

Delft3D M BEA RARILIR/AKIAEE T =AM g, &7 2 N B SBACTIR . = AP R
FHFMLAENE (%, 2017; 3RS, 2017; Xuetal,, 2021; Lietal, 2022; Zfhi%, 2023) . %
B LUK BN 715 5 Ve b Wa T BRI R RS, T FRITIR- = A AR R DT BB A . Horbr, J3Rt) J i
AR IS AR - = A NI B oy OGBS AN

(1) Kz I1757%

Delft3D #ABI/K B J11H 5 EEAKFE T =4k “gh4E-BiFt w7 #2” (3-D Reynolds-averaged Navier-
Stokes equations), %7 FEH BN EFIEE e~ E T FEHES152] (Deltares, 2014) , & 4 fiifbfERA QT

ou ou ou u _ 95  guvur+v? 62_u 9
rus v W= g T B (S 55) + 5 (W) M
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a”a”a”’a— 9%, c2h +Fy+Vh(ax2 )+az(VVa) @
Ay | () | w _
dx T dy az 0 ®)

PO, ss x y R A) . BRI T ) DA R ] ORI AR, m: us v wigx. y.
27 KRR, m/ss /KT, m: hAZKIR, m: € Chezy K&/ REL, m/s: Vi, 5V, &R
RERES TR, mYs: g NEINEEFEG FS5E )71 5y 77 1) LGRS A R 77, m/R%,

AT 2 53 Rix g Sy 7 m s E s E R, AR TR R G, o7 IR, A0
x YITWFTSEET1, RIMERS] J) . BEEE ) KRR SR B e g« A v BV e [ R g fE e s y O [RD R 20 J 4L Ak
A3 WP RSFETRE, RPN ST R E S AT 0.

(2) R WHHz I

7E Delft3D B8, FURAI AT o0 e GRJT, BAR<64 pm) REAERNHEA S (D, EHAE>64 um).
RIS « 2 5T F 22 44 10 Partheniades-Krone” J7 2 (Partheniades, 1965; Deltares, 2014),
W AN SR A ¢ Van Rijn (2001)” J57% (Deltares, 2014) .

1.2 SERHTRRE

(D BENSHRE

AT FE T AT SR K = Mo, ARG UTRE . IR IS0 . 228 JT AR B = A
B 5K I A0 M (I SCAR%E, 2017; Xuetal.,, 2021) , #EFTREBUEEIL S . B TXKNA 10
kmX 8 km, 3£ 250X200 MM, FIF AN 40 mX40 m, FEEBEE 1 26K 560 m. % 200 m fIHLIEKIE,
Jefuls ZROU. FEMCAFEGA S, B E AR, BEAEL 0.04° (Bl 1a). WE 6 FRRLEETIFY: 300,
150, 80. 32, 13 5 7.2 pm, FI=FONARRYEA Y, Jo =FOORYEA D, TIRRYIHBORRTT & 701,
HRZHNE 1.

® 1 TRBERMERTESHIRE

Table1 Key parameters for the sedimentary numerical simulation model

e STE S 1
XA KN 40x40




DX % 2 B 250%200

WA E (m/km) 6/8
B [E) 25 (min) 0.5
B K (year) 3
FHATE (m/s) 600
WItEKAL (m) 0
VUK (kg/m®) 0.1

Wikt 4:6
JRAKEE—H A R AL (m®¥/s) 45
TR R B B R L 0.001/0.001
T2 YRR AR A AR AL, 10/30
AL R 2 100
I3 P ARk B 0.25
DU R EE AR (um) 300/150/80/32/13/7.2
VILRVTREE (m) 10
PEFE (N/m?) 0.5

(2) JEBHERE

AR S BT R B AR K = A I AL AR AR T, BILE RSP0 AR R AL L, Wi AR 4
W T 2 AR IR AR, R IR SRR, R E TR (Wang and Ding,  2008;
EHREMSSE, 2018) -

DSI = (Dave summer — Dave winter)/Dmea “4)

HADSIHRMBEETEEL Dave summer NEEAGTFIIRE (5~9 HUD)s Dave winter N T3
T (N~KE3 A, Dpeg NEWTEHE.

ARV T I BRI 6 40, HA RO RI. R2. R3. R4, RS SZEGST AN NDSIRN 0 (fHE &,
ZHA). 1. 2. 3. 4. 5 (B 1b). NARERUFFE HARFTE, RS FRERNSHEN 1970 4 1 H
12 AMESRE, HRUASIURE RS MR E BT RE, SdREs—F 2 MANRE
RARILEDSI 2 5, R I F i AE~F- 240 8 600 m/s (3K 2D

*2 BSRNAPEIVRFRESHIRE (RO-RS)
Table2 Discharge parameter settings for each simulation round (RO~RS5)

% 1A 2 33 47 5H 6 1 7H 8H 9H 104 1uHg 124
RO 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00
R1 286.36 251.26 27934 708.80 878.26  939.14 1004.18 870.10 811.94 496.07 367.29 307.27
R2 201.89 177.14 19694 499.71 1023.16 1419.56 1530.05 753.81 572.43 349.74 25895 216.63
R3 155.90 136.80 152.08 38590 1104.19 1564.18 1727.49 894.08 442.05 270.08 199.97 167.29
R4 126.98 111.41 123.86 314.29 115339 172049 1851.72 918.75 360.03 219.97 162.86 136.25
R5 107.10  93.98 10448 265.11 1197.92 1831.65 1958.42 899.81 303.69 185.54 137.38 114.93
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El 1 (a) Delft3D REAXFAIAKRDM; (b) REREH A IRETILHFHE
Fig. 1 (a) Initial water depth distribution in the Delft3D simulation area. (b) Monthly discharge variability characteristics of the six

model rounds
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WEHERL,  FRTHR R AR e 11, TERREIE (B 2b). Bl i s 28 25 () 75 [l PROd e, i 5 vy

EBW RS MU TR, R R DB A 7 ) (B 20,

@ RO SHEEY R (12~24 F): RIFTE R 2 Rk OFE FREE T =M hm £ K. Hdbm
WEAR ALY 5.5 km J5, AEKBETE L, BN AR PRI R, PR ST I £ I AL PR IR AE (B 2d~D)
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s HITE E AR R DI IO, TSGR AR WIARTE (12D SRR B, B E RS, TRt
AR, BRI R, EOMA R FAIERAE (& 2m).

2 RO AERK = NIRRT 12
(a) ~ () ROKEIITE 4. 84F. 1248, 16 4. 20 4. 24 FRIICRIFIE; () Y=2km BE=FAMTHEE,; (h) ~
() EMEMEEHBEIRE; &) ~ (m) BEFTERFTIRE
Fig. 2 Sedimentary evolution process of the RO river-dominated shallow-water delta
(a)~ (f) Water depth features at 4, 8, 12, 16, 20, and 24 years. (g) Cross-sectional sedimentary architecture at Y= 2 km. (h)~ (j)

Lateral migration of the main channel. (k)~ (m) Abandonment process of the abandoned channel.

2.2 WERNT =AWKIEEAL KT ERAE

2.2.1 =AM T A S o TE R
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O HHERE GPEHERE (0~4 45): YIGE MK, =MINEARTOEY R, msi-F s ik 30
m/step, i WAL FAD 9 52 A0S IR B 0T DL, iR AR W IR A MR AR R, TR S TR
Ny AZEKIIRSR IS, WIS RSN, K E A R R BCIRAS, SRR TIRE (] 3a).

@ WOHIR SHEEAK (4~8 45): BB =AM dbiEMkes, iRy . =Rk,
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T W 45 52 2 HLE M58 (18 3b).
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2.2.2 Gy IR ] T E AR AE

LAY=2km A5, $ZHC R4 528 =M 24 F N UTRA-R M (B 3g), MECTEE R E A T 1 RO
A%, R4 SERGHMRITESEE 2, By RE R, FIEMITERAIIRRHEAEREZER, Y=2km
AR5 T 799 2% 2 T Ay £

@ PO =T IE AL WTHARY B, TT3E S5 DU e L HE R, T A ) AR R0, £ o s e S T o
TERZ /ML UGTIE . (B 3h) s AR B, ZITTE LRSS 12 4F A B R TR, JELESE 14 FERUN
FEHPLETE, EAR 23 IR MEIE B . TE 14~23 fFE], AZIE A AR MER 80 m, S imiL RS IE
ik 3 mystep, EMNAGER FERATER S, LFEUEAMBIyE. B RERERE. REE, S8
TR IR (B 30D JERARN B, K S ZENEE S, 1ZE KB kTS, DU
HOE 3.

@ RN FWEEA: BRI RRE LR AU (B 3k AR B, ZIIETE 4~9 40y 3
BUEE, WEAARMN AT R R (B 3D JE B IR RS 3 000 R SR A, TR,
TIRIPGE I T R A (B 3m).

WAL, 2 FE 3 AT 8 0 e ST T R 7K B OB 43 R IR TR, R4 SR8 o SR T3 9 K 1 5 R
RERYE CPYYERE 1m, FERE 120 m) (& 3h~m), W3 & T RO M 0.4 m JELEF 70 m FEfE (& 2h~m).
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& 3 R4 SRR =AM FURILIETE
(a) ~ () RAFEIIFE 4 E. 84E. 124E. 164, 20 £, 24 FERKGRIFE; (g) Y=2km FE=FAMTRBE; (h) ~
() AMETERAREFEE; & ~ (m) KRUFEMERRREFTILE
Fig. 3 Sedimentary evolution process of the R4 river-dominated shallow-water delta
(a)~ (f) Water depth features at 4, 8, 12, 16, 20, and 24 years. (g) Cross-sectional sedimentary architecture at Y= 2 km. (h)~ (j)

Formation and abandonment of the western main channel. (k)~ (m) Formation and abandonment of the eastern main channel.
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FEXHR = AN, AR 7 YIS S AL AR KRB 7 S IR H RS = A AT iR
FIor b = CRIEAISE, 2019) o ASCEZLLAZ I3 07 SRR ES B 22 7 R AT 1A -
3.1 BAZAMERUAR AR

3.1.1 R 5 Ei A = SR AE

AU FCFRION AU SC AR A 57 20 4RI RO 18], ARRDTR P fhen &, BRI 1K, BA
LA AR AT = i B AL P SRIRTE HoK =M LR RO AT b, 25 00R N, sz =
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MERFEEE, AT & R R = EREARL T GREFTHRE<2), =MMERIK, 2
EOCRH 1~3 G0 X, 1 AR & #E X R PIR I ZE A, S8 A Dz A, 2 “mEIA 7
fIa A ke, KERMA-INR SR 2 18 BA B M0 BB T (B 4a,b A @) fERREAZL T (i
B =2), MMk 0 B2 000 X CRERMATIE 3~5 253 30 H70 i 38 -] VR SER i
WRUTRY) (B de~f M), 8T AR FEATE AT T2 18], 5 “REdle]” faAnreal (& 4). [Hit,
FEPRREME . PRV ER, REFTREEN, SRS S R=MA.

4 (a) ~ () RO~RSHRHUFHA (520 ) ZAMARRBIHE OKF); (o) MREBZWMELK=AMNIERR,
T ETZHINRAZRILM (55°49'32"N, 109°56'40"E) (Kil§ Google Earth); (h) EiRELMIERK=AMNIERF,
MFREEMR RS AN (48°11'35"N, 92°0627"E) (3ki& Google Earth)

Fig.4 (a)~(f) Sediment distribution characteristics based on water depth of the RO~RS5 deltas at the later stage (20™ year). (g) Satellite
map of a river-dominated shallow-water delta under low discharge variability, located northeast of Lake Baikal, Russia (55°49'32"N,
109°56'40"E) (source: Google Earth). (h) Satellite map of a river-dominated shallow-water delta under high discharge variability,
located northwest of Lake Uvsiin Khar Us Nuur, Mongolia (48°11'35"N, 92°06'27"E) (source: Google Earth).

3.1.2 fRITEAA S i AR 0 T 3 AT AR
BT ARSI SH, H=MIEMEKEE 0.5m I, JURRYIHME LTI SOd R BT 2. 3203
7 CHTFIZKIRIE R >3 m, R#E=0.5 m/s, PR KR <0.5 m 1 XH0E SO =Bz, K>3 m

HIHE =0.5 my/s (1) XIF0E O T8 o Gl 2 g A SO [A] () T8 B 28, 45BN I 8] 2 PR i 1E
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JUE T EIE B R S i BRI TR =AM B 2R O KRR i
BAGE HIRIZRE /1 85s, DIRIRINYS], T 32 2 e Vb 171 A G2 1R A%, U SE vh T I 3 ]
HIX 3, fefE =Mzt iy . pitiiEdeai, BRSRE, WHHERNERSS (B 5); @ &
MR FYERENIRE . 20K RECTRRMnE, pRmEmE R O, X, 2R
B M ST MR 20, DI EE s 2 =AM AT Z, TR Z UK . &ZK3h gss, [akL
W, PORYILETTIE A IRAY, F6THAIR, (MG SRAE KT8 3 5y o 1o b2 AR A A3 = A TR
AR 2 WIER ARt 2 8, s gis ik, Wi R 2% (I 5). Mt A in Rl 1 im
BRI 2 XHEF, TR KRRz iV R E A E 2 mM R g8, =M 2R (8 4).

R

[ 5 RO~RS 51 ESE 20 R 43 FSATIE 42 A HHAE
Fig. 5 Distributary channel distribution characteristics in RO~R35 deltas to the 20™ year.

3.2 WAK=AMHESEIEE BT

NEAA RGBT = AWIEEIER, & UK T 0.5 m B =M B 2 ORIRBERUTRRY
AGUARD, Z I EE (Lgereq ) 9= F M g AE 0 GBI D7 90D e B R B, = AN 98 B (Wyepea)
SN A M s 17 45 8 0 S A A KB 8, = A M T AR (A g ) N = SNt O T AR, = F R 2R K (Lgpore)
N =0 N 2 5 080 A8 S b R A

3.2.1 =AU U E B

(1) =AU AR 2 S R AE

GEih 7N SEI 20 I =AU RE . TERE RIARAS R, EXS LS BRI AE S 10 I = £
MACRE . FEE KRR R, REW: O W =AM . 7SR E 0B, A RERN
JESAVESE I G, AR S I S MR S i e, ELREAE BT B S I, TR S T A A,
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AR REALACRI, = A AR R (B 6c); AHFEIBIINC, R HaEoloC, =MmMmRieR,
P REMEIEASG (B 6f). @ AT =MMKE, HERLI =M TR E . = AR
JEZ B RARA IS 18 R T E 1 2 B IR AN, i AR BRI E IR (1] 6a AT b); FEAHRIBERIN KT, =
SN BEAN 96 FE 28 St B FE R B M I R &R, (H =K REAALIR B/, MR EE S (B 6e A
£, HNHBA =M BB 5 W T 5.5 km (& 6a #1 dD, T =A% EERIERE R, &R
AR = SN B8 R K TR R AR B = AN L (& ob) o [RIUL, it AR e it =M AR A
HAHE T = A e, =i 58 BExT =AM AR i R S B3, 3E 1 5 8 O R b3 2

6 RO~RS5 1R = A3 M R E RAFIE
(a) =AM EERERT BB LHHE; (b) = AMIERRERTELEHE; (¢) ZAMEMPERTEEMAFIE; () REFTHEH
S5=AMKEXR; () REFTHRES=ZAMNEEXR; () REFTHEES=AMNERXR
Fig. 6 Scale variability of the RO-RS5 deltas
(a) Temporal variation of delta length. (b) Temporal variation of delta width. (c) Temporal variation of delta area. (d) Relationship
between discharge seasonal index and delta length. (e) Relationship between discharge seasonal index and delta width. (f)

Relationship between discharge seasonal index and delta area.

(2) = AN kit 22 S AR ALE

WEFERM, =MMFLREE (R) S=MMFLKE (Lyore) M=MMIM (Agee) MK (R=
Lshore/\[Aaeira) (Edmondsetal., 2010; Xuetal., 2021) , &5 =fMMHSIESAERGE, AEF 41X 9 =)
PHSEAY o 5 R = AN DR AN ) 52 AN N DT T BV EEAE R I BORROREE, TR IR = AR B
R R G AN TR AR B Ao RS P /0N

WAL GETH RO~RS B = fH it K B S = M i A, 0 W - 2 St SRR LR IR, 45 RRW: © A
I ARAL T 5 Sk BE AL AN Al LRI, S LU GRS AR 0L, B DL R R, (IR E AR
AP 2 S 2 T A e PEE T K, D v R AR A A DY 2 S B AR I AR P S S PR (] Tad . @ AR TR
KT, =MMEE S REF RSB ELE MK R (B To). B=MPMELZEERT s, (KR
BRMM LRI R (B 7). G560 = A-F mRHEE MR (B 4), P R =
RS JOIR, SRR = A 2 B
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B 7 FERESTERT = AMKEEHHE
(a) RO~RS HEH =AM HEEREIR IR LAFAE; (b) 2B 20 ERPREFHIRBE=AMNEEXR
Fig. 7 Delta roughness characteristics under different discharge seasonal indices
(a) Temporal variation of roughness for RO~R5 models. (b) Relationship between discharge seasonal index and delta roughness at the

20™ year.

3.2.2 sriminiE R E 2= R

& RTE AT . 4y O FE, BeEm 202k, LSRG, Ik, A SCRAVIYIE T A
AT = PR 2 T T R A T B 2 AT R B IS DL S8, Hrb PR B e SO 200 MR
R J5 114, 200 SRR 14 8 S0 (1P 341 .

Gk 7N SIS AT RO AR AU, A5 R O AR R AR ) J3 R R TE AT AR 2
FEAFEIRAUB KT, RN (RO AT R 43T 38 05 b 5 5 PR 2 3 K 2 PR 56 38 2 5 kb
WEAR (R2~RS) 173 YA 8 4505 i 5 Ut 2 2 386 K S XU R S 38 G okl o P K P, FLA
X [R]BE L B 2= AR BOM AR B8, AR S A S0 o A TE S I 222 5.5 km bRk (& 8a). @ #H
[FIRPLN K, IR TREOR, PR E gL, P 2R (K 8b). @ BEEMIIN K
WK, SERIERCE RIRE0N L2, BI=AMAEKERETRE (B 8c). K, @& &R
HEE L S ATTEE ) R, SR E S ORI CE e I = AT S, BRI = A i 1)
SRR o

Bl 8 TRIREFTEHSRITENEER
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(a) 5810 FR S RAEREINETLEHE; (b) 10 FRNFEHIRTERESREFHIREKFR; (¢) RO-RS RLDR
E B E R AR PR HC IR A AE
Fig. 8 Differences in distributary channel numbers under various discharge seasonal indices.
(a) Longitudinal variation of distributary channel numbers at the 10 year. (b) Relationship between the average distributary channel

numbers and discharge seasonal index at the 10" year. (¢) Temporal variation in distributary channel numbers for RO~R5 models.

4 FEIREZRIHHERAK = AN ZE R R 5 L3

A NEE T U BB A AR VL = M S B 42 R B, fEDTRIE T (AH9r . RIEE. R, bt
) MBI, WEHTE =AM I AR EEEEERH . SiE CPYRE>1000 m’/s)
FAFN, MIREEE 54 X5, TEREIR= A GRE CPIIRE <1000 m*/s) 251F T, ZriniE
FhaE, BHREYER=MIM (Xuetal.,, 2021) . 4R, AHFFC BT IAEEAI LI R, 9 ER=
IR B A2 R /MER], B 5 ERAETIME K. EIRREFAT, HFETRERE=2, R
TERR =M (4,
4.1 ETIARTIRM BRI ERL T FR =AW RAE S

HUA R ES R LR B TP B IR =M, A — PRI Z M A, AR SCLLEE R Al
(Sarygamysh Lake) MK =M A, 256 HUTRRHE S i & 8RBT 0 E . 1% = A W B B 4se]
(Amudaryo river) 7S NITER, HAL T 4 28 2 W vp AL ER1H] 2 220 v Hr A2 Ak (& 9a), Hi#s-F4H,
J& T KE e, 520, FERENEMNN 100~400 mm (HR5%E, 2015) o it Gk FTa 1964 4
~1973 iR EEEE (K 90), THHEHEFENIRECN 3.42, AT RMEAMHK = M mii B2
=

9 (a) P RERF CRIE: Google Earth); (b) FEFE-REMHIEBA CGRIE: Google Earth); (¢) P 1964
F~1973 FERETWHFME (BIERIF: Center for Sustainability and the Slobal Environment)
Fig. 9 (a) Satelite map of Amudaryo river (Soure: Google Earth). (b) Satelite map of Sarygamysh Lake (Soure: Google Earth). (c)

Discharge variations of the Amudarya River from 1964 to 1973 (Data source: Center for Sustainability and the Global Environment).

5 EE AR = A INTE 1996 HE2 2021 SEUTAHE (K 100, ZEEWKFEHIRDG), WEHE g,
13-



I X R T, EIESOE =K, RS RIE S E R E W £ (Visconti et al.,  2010; Hansford and
Bjaklund, 2020) , ZrAGVEHIANKIY K, HATRIK, B ER6E & 5 5 XArE sh, HAh R 2 i
BoK T E 7R R TUUERE T (Zhang etal., 2018) , il RGBT E AL P 454 . [E B,
I P IE R 2 ORI S R AR, UG 77 0] B AR R I T R, AR FHIURR R 1) 43
BB, = AUNRE A T 2 0 25 i TN A, 22 G331 DA 1) 28 DA 453 = A I 2 42 B R
W, CFHTEASEE T EAR, @i e 2024 4 T8 E R 5% 5 RS = A MU e L, T R R
FEN 4.35 (ZAMHEA: 34.47km?, LK 25.53km), SEUEBILSE R A m i E28 b = A i Lk
A STIRITIERAE . R SRR L. 28 b, UONEIRERTT, BUKFRE B R, s
W 3 X, (R =Mt A, SEURGILASTE R, FERERE L, 25 BUR =AM

10 FEEFEHBRK=AMNAEIERAARESH

(@) ~ () BEERIEHRK=AM 1996 £ 12 B, 2001 5 12 B, 2006 4 12 A, 2011 F 12 A, 2016 & 12 B, 2021 &

12 ARERRA (BARIR: Google Earth); (g) ~ (1) BEEFHBAMIAK=AIM 1996 £ 12 B, 2001 £ 12 A 2006 £F 12
B. 2011 & 12 B, 2016 £ 12 B, 2021 £ 12 AARBESHE
Fig. 10 Historical satellite maps and sedimentary facies distribution of the Sarygamysh Lake shallow delta

(a)~(f) Satellite images of the Sarygamysh Lake shallow delta from December 1996, December 2001, December 2006, December
2011, December 2016, and December 2021 (Source: Google Earth). (g)~(1) Sedimentary facies distribution maps of the Sarygamysh
Lake shallow delta from December 1996, December 2001, December 2006, December 2011, December 2016, and December 2021.

4.2 ETREFFREEBAK=AMTIIRRMENE 247

L E AR BE K = N AR 3 B IR EER, IV R REZK I AT 54 B 2 A
RLOUARPIAE R CVHERR, [RS8 A A AR TR 0 B R T e, R 380 0 = A i AR . 487
M TRt R AR, R g R s B SR A, ORI R 2 A 32 R, HLI SN
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RHIGS T UTR A e v, TS G e R AL v /K X 38, (Postma, 1990) . HHUILTTIL, ZET5HE%K
A3 R 32 B = AN R I 4, T A ) Bt ) S e 5 o

LR AR BCE 2 3 i TE A ORI R AR s FE = AN R, mEE ROk, dhiER
R EWOR, MARRE MRS # S massE GEENSSE, 2018) , YA & uk 1553 XUEBCE 2 11703t
TE. RO, E R RECE I, KRESBRUTREMNE, JtKiREE, FREPEER DT
ERIREIIRE , RIRGEHEFE =TT BOG KM K RIRGEHE— BT BRI 7 I T8 P DU, s T )
SREUE i TR (B 3e Al D).

i AR BRI R RE B . 21 Fa B0 K 5 B0 T A Y 2 A R U TR LR, K
B A ARG TR 7 AT 22 = A N B 2 AN DX 38, 8 A AR iR fE ] R B (R AR B L (Xu et al.,, 2021).
XA PTARBE AR AT = AIMAR G 0, RN R ARG BN, ARSI, A =P B S S IRaE T m)
RE (B 4D,
4.3 PIRBEBED T EFERNAR

AT T T UURREE RS S AT, RE ST 7SR = A PN 2L ) 52 m Je Hs HINLER . 870,
DU B BAUA T — P 2 T 5 405 7 R SRR BB T SR A, D SIS X A 1 S50 R0 O FE <7 4H
EH AR AN Tk G b A7 A 22 PR AR B R A SR A, kAR I A E IR B e AU S W AL #E - (Deltares,
2014) . BtAh, REAUS R BAME DA SE AL JE H AR S DT 2 1tk AR URARCR 5 FEAE AL . IR AN
HRREMERH. EEATERER =AM, [EERRETREEN K (IMIWNEE, 1998) , MR R
AN 3, PSR KRR, TR S i A (Nardinetal., 2016) , A SCHIREELLE EAAUE &
TR B SR A SR S S AL S IR ERE, ASCERE RS TIRRAE R = A rsoE, H
A SO T SR ANE F T80 5 3 IR 3 1 = AR

JUEI,  PURR AR DR TR 7 A0 Ao 2% B B AN T 240l s i, s EE
WRIE A B R B bR TR IE SR, RAEDTRS R IR 26 N DTAR 3R IR A T S 2 T 42 1t
PR JIIISCRE . ARR, B S R B SRTHRITE 2 AR BTN, DU EE ABEH0R 75 i & A A RS
B 2 o A HE B B VR
5 bR

FETUOREUERA, AHE T E AR 1A FRE AR oK = A sem, FIL T =ME
KA AE, 08 TSR AR, JRERRE BE S i TE E s 1) 22 AR AE, W T R AR X K
=AM B4 LB

(D) A = AT S E R . S P A R, RFLR AT 5 T8 R — I A
2~3 2 XA BT S5 R, i IEAFRIR AR e, A, RIUVIBFR =AM msRE
BT, STEEATE R O 5 XSRS, TERE RSN, = MINTESE, SEEmE TR E BIR =AM,

() MEFEFRES = AMBEARIOCR: fEAHRIUUR AL AR (R Y, B 2= e 808 0, =AM
DN 0, TR EE R Y ok, MEFE IS R AR 2R, mETIRECE
3R] T8 R A B sy LA A DX

(3) HEEAK = MAIMER—FE M =M, FETERGRAE B 5328 T AR S5 7 T M A7 AE — 24 )
WA RN T 1) IEAM R SFE 2 M E BRI, HYF R 2 RETRE RN, ShZtignEs
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ERENZMWMTRANII T o 1i) WHRHROK = AT R S 2T REHE, WIRIRB) TIRFIE
VORISR . TR S H . BT S5 A BT I L 42 R 3 T s AL HLE AN ORI U 0 24
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