Journal of Water Resources Research 7K ZJERF 5T, 2015, 4, 62-73 Hans X
Published Online February 2015 in Hans. http://www.hanspub.org/journal/jwrr
http://dx.doi.org/10.12677/jwrr.2015.41008

Stability Discriminant to Guanting Reservoir
under the Variation of Water Level in the
Recent 35 Years

Yuzhu Chen2:34, Zhaoning Gong1.2.34*

!College of Resources Environment and Tourism, Capital Normal University, Beijing

’Key Laboratory of 3D Information Acquisition and Application of Ministry, Beijing

3Key Laboratory of Resources Environment and GIS of Beijing Municipal, Beijing

*Base of the State Laboratory of Urban Environmental Processes and Digital Modeling, Beijing
Email: cyzgita@sina.com, *gongzhn@163.com

Received: Dec. 29'h, 2014; accepted: Jan. 11th, 2015; published: Jan. ZOth, 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

P
Op
— d

C

Abstract

Using moderate resolution remote sensing images MSS/TM/ETM-+, the paper detected the changes
of Guanting Reservoir shore in conditions of different water levels using the principal components
analysis method (PCA), based on the variation water levels during 1979 and 2013. According to
the ratio of reservoir bank width and water head, we confirmed the distribution of the silted bank,
the stable bank and the eroded bank, and combined with the changes in centroids of three types of
banks to analyze characteristics of temporal and spatial variation of each bank type during three
periods. The results showed that: 1) in the three periods, the distribution of erosion coast changed
little, mainly located in both sides of the narrow zone and the southwestern coast of Yongding
River, with 0.834 km?, 4.50 km?2 and 0.54 km? respectively; 2) the silted bank showed an inward
trend, mainly distributed in the Kang Xi prairie, the Yongding River estuary and the Guishui River
estuary. The areas of each region are 26.024 kmz, 31.65 km?2 and 10.11 km?; 3) the distribution of
stable coast varied: mainly distributed in the northwest Guishui River and Kang Xi prairie
arc-shaped coast, with area of 10.50 km?2 in 1979-1996; then expanded to the two arc-shaped coast
inward, with area of 31.54 km?; during 2007 and 2013, only a little stable coast distributed spo-
radically, and the area is 0.24 km?; 4) in 35 years, each type of reservoir bank shifted to different
extents; the centroid in silted bank moved 2.82 km towards east-north direction in 16.19°, then
moved 1.97 km towards east-north direction in 4.97°. The centroid of erosion coast had the same
tendency with the silted bank, moving 3.79 km on the direction of east-north in 27.18° and 1.87
km of east-north in 56.31°. Compared with 1996-2007, the centroid of stable bank moved 0.52 km
to the northeast 0f 9.46 in 1979-1996, then moved 1.84 km towards west-north direction in 51.34°.
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RXFET1979~20134EF [T KESNKALHZRACKFE, FIF F 8 P51 &5 $ L FIMSS/ TM/ETM & /&
AR, XHERS O, sk &6GT BT KEDRATHIHE. &5 KELREEESKNE,

X R IR A R A R AT T e BT, FHlEd RO T sk AL 640 T A Rld 28R Bt
EAAEHIE. BFRERH: 1) ETETKEKE EAKA R DL KK B KR B HARFE, B354
R HIKPLERAL A =N B : 1979~19964FE /K AL IR BR BT+ 1996~20074E KA R4 T ¥%M2007~2013
RPN BEREI B . 2) FE3NKALEBIBT B, BT KERMEAENZRSMEBMRILR, FE
AT T/KEFK AN, ERKKCH0.834 kmz, 4.50 km2#10.54 km2. WAL R EIMA %
B, FESMERERR. KW O AR PIAKREN O —4, HmHRSH926.024 km2, 31.65 km2f]
10.11 km2. F&ERHREES MG LB KR: 1979~19964F EE MR T Bh/K I X FEALINE B4

RAEEFEIUE R, M N10.50 km?; FE)5ERMNIEET R NN, T N31.54 km?; 12007~2013
EETKELREFEURBANE, NELTFREILREZEN, THN0.24 km?, 3) 35ERARAKE
WERROCRET ARERENHES, WRADEFHENRAT k&S, RROERRKIE16.19°75 R
F##12.82 km)E AR WEE4.97°F H EE511.97 km. BHAEDEROERE N AREEERRILTH,
BRI R AR, KA RSHENER SRR -3

KA
Landsat MSS/TM/ETM*, KO, BT/KE, dETEEHE

1. 518

1 A K AR PR S RENS 78 70 R X I B2, T Wk T K VM1 i b ELAR 1 P e X
TR A B R o AR X R AR E VERIE FT — BB N T2 A e, 5 R Rl R AR €
PERI AR R 3 Bl Unid 2 AR BB 0 S o < 32 BB 2 X AR i 2% A B B E 3R AR [ [2]
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XHT SR 1 R e R 2 SR AL KA SRR, #5H TOK - AR E R DUBT s I 25
R, (B3R T SR AL A A A IR, AR TSN 3R R PE 3]0 XA HE B0 2R 2 1 35 P K Ao
BEFRIT 5 A A RAGREIR I — 45 i, M 1 TR SRR R ISR R INLER,  fig et ORI, 348
B N U . IKPEAKIEFE S BB B 0 R O P R T 35S 8 TR R B LRI 3R [1], 304
CAT-RE PR3O B, WEFE 7RG B RE o T - AR AE T, AR E MR [4] o IR EERE T B2
MR T2 00 1 B R T2 — AN i il e A M O DR SR T D 7 s i s B o AR 60T 7t mp AN o
KL, BEXBKAL BEE . N K BLR O RS EEE R [ IL R RE vt . kAR 2 BOA 2 AT
SE AR, SO RSN, AR PR M, IWWARSEELR, MOKERLIIR, Mk A Rl
R RSN RS R e K P 320 A P (i L iR PR 22— [5]-[ 7]

BB, Vr2 A Rt T N K 2R 4 e ORI o PG Y FEUR AR ) 75 9k 3l I X 7K e i e A e 1
(370 Bl AR L RO Y P T DMK PR (1 & Az AT SR R 2K [8] [91, T RAB M BT 1 2 R 2 U U5 v A
SEBRBIEFE AR IR I [10], AR (SR PN AR R 45 1) J5 9200 = koK e P R A e M EAT T 70 it 7 [11], =
GO L T KA AT P 13 A S PE IR M T [12], X4 e R VeV B 5 35 2 B i 1=
PR AR E VEREAT 1 B 3 M [13], EBENISEGE G KA 22808, B a2 o 35 R M 5 A A1 ) o SRR %
IR IR RHIYE RS R 52 ) TRE -5 ) 5 0 N AR T W R 8 e R [14] - bl TR A2 AR EE
KANEISIL T RN BSIE IR A EARK I, A5 AR AR 2@ R, MRS 7K 2 3 2 R e 1k
SRR FIG[15]. ASCNEX R AT A, 456 1979~2013 AN [a] 7K A7 38 13 2 BL K K Air
BRVE I SRR, B AS FUR B AR AL T KR R R 2R, o KB FOK R o A, L
N, P RABUR I AR A AL o BT 5T Pl 7 5038 GG R R S B T /K e 7 R P SRRk R 3l A
AR, SEILARAL S 32 R KT B = 2 18] R 5% 28 P 330 K P 320 e PO TR 285 R M o i 3 1) S R 777K
PR AR YR, g B FEAN [RI F SR AL A A 18] o A S e 2 A fea 3.

2. AREXEAR

BT KB R R TR S 2 —, AKE T RS — R K, Sn] . VTR AN K] A K 2R
=R, AR AL 47 x 105 hmPo KR BT AL Hh FR AL B O R 4 112°8.3'~116°20.6', L4
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Figure 1. Location map of study area
1. MRXAMENE
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X JE TR KRR E, BEEY, &FEK, 2F2 0N, AETE, FEFEWEFSE
6~9 A[16]. MM RESRIFIR TR G, %X EREE SR : 6~8 AP EEE T 21.6~
27.2°C, i 1~2 A~F¥EEE-1.0C~9.2°C, MI-FIFEREKE T 406 mm, ZHREIW FEEHL7]. B
7oK P DKL B B, B T /K E KA AR I R s i /K A R AEAE 1979 4F, A 477.96 m; BRIk AL
£ 2007 4£, 4 469.81 m, HKALB: SR AAME, IR LK AL R Z1AS (b 7™ S 500 1B T /K 5 i fa e
PALZALIR, BT KERAKTTG G KRR G XA AR 00 DL R S8 34k T4 B i
FEff I I 8 K FE ST LA, BT 7K PR ISR AR IS B [ 18] iR« SRAKSRVD B I AR [R5 o>, (AT
BNERI ORISR T I FKER A EE X, SR BUFASAERER, TEEX
[19] PEDXCORVEAR KRR EIATRKE, 2568 T/KEE 1979~2012 45 (1) R /K S (1<) 2) LA AH RS
BN RV B AR [20] 27, 7F 1981~1994 £E B L K 2000 4E LLSRI/K B FISR AR I AR A KR, [RIHiX B
B 8] P 7KL 38 A A A 7K PR Ao PR R LR R

3. ARG
3.1, KM EIES T ERBETALE

5 1979~2013 4F B JT /K FE A3 7K A 80 B« B (8] 32 4 AR 38 B I /K 67049 470.32 m (2007 4F), 4F
Y mi7KAL A 477.23 m (1979)(1€ 3), 1A 35 AEH K H Ak /K H g iHE R, BT /KEMIKH £
BAE 8 H, WiF/KHFEERLE 4 H, HAREFENPH KB ZEIEEAR 8 BN KETER
BT . BT BT KEEEW T - A8 BN AL D EE, $ 1979~2013 FFRKA AL B =AS
B BL: 1979~1996 F7KALIAI B K7 , 1996~2007 7K AL HFEE T ¥ A 2007~2013 4F /KA 45 ik 7 B Be (1]
4). EZFE LKA EYE, Hil BRI B2 AR T, 72Hl74E 1979~1996 4. 1996~2007 4F .
2007~2013 4 3 AN B NI EN 3 St B T 7K B HE AT 100 R B A AR AR B AR e PR 7T . FE B B
SRMTRE T, REIEFZIN B S KA SRR A KA ARy, HUR S 2 S BRI A 4
—F. IR&IEH 1979 48 H . 1988 410 H. 1996 4F 9 H. 2002 48 H. 2007 4= 8 H. 2010 4 8 A Al
2013 4F 8 H4L 7 = &K T 10%, EMT R R B A N0 e -

BT ik AR B 7 PR AP AE 22 5. MSS 73 #5308 78 m, ETM™HI TM 143 #1305 30 m, A,
TEEHE A B R A 75 B0 70 HR 500 78 m (1) MSS ¥ B RAY 22 30 m p HEE  7E U R BN AL AR T,
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Figure 2. Guanting Reservoir inflow during 1979 to 2012
2.1979~2012 FE T KEERIRIKE
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Figure 3. Average water levels in high flow year and low flow year
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Figure 4. Water levels of Guanting Reservoir in 1979-2013
E 4. BT KERSKAFTZE

i B 3 ST B AR M BHE IR L, PTEL, DB ERE T AT S IEE . WL S DL KBk
[ 4 25 DR 3 BT Pl P O Tl A 2B K LART IR A, SR 0k 22 T AT U2k P A il Bl A A5 it
A7 IURTAIE, 223 s AL AR IR ZE I AE 0.5 METCZ W [21], KAURIE AR I B Hh 1) B EE T Ab 3
AT, AR RS AR K AL T, HERAER IR R SRR A RN AR E 2R, BUACE PRI ENVI
SR FLAASH BRI BEAT 1 ORURIE, W ER 1 BRI B S 2% R0 KB E A RS 5
PRI RS B AR H SO SR A B o e AR S B R TR ) 22 57 [22]

3.2. IDEEISELHTN

BETRERGEAR AR AN 2 15 0] FH 22 I AR SR I 78 i R — 3t 3 X I 388 IR A5 B L e B B A R
SEM T RAR N, EERA AT ARG RS, XAFIN B H AR B SRS AR 34T VR 0 A
SEMGEEE RN BT RGBS R G, Tl 1 6 MpB 80% L LEE, A
L, ASSCREAT T A BEA ) 3 SR 28 32 i3 70 J R 86— SR B B AT A R S Bk 1 7K R Rt R 3 35738
iL.

3.3. EFKELEREMHZ
IR SRR ENERR T 5K BERARID A« KU B RME 2 O A SR80, I 52 35t A3
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Fi s KA AR EE R 3R B R [23] o 1B T /K PERGE TR 2 52 2 Rl R IR 3R 2R & S 1, b b R R R S
IKPERINAERI R s TTTAM R PR 3R v P 7K R AR A A2 5 T P A M RO PR R 3R [12] . AE/K AL A Bk sl v it
FEr, PEIX AL 22 4 A8 58 M R ECH — DN IZHAR /N 5 FHE R A AR [24], e DXOKAL AR o S BUEIX £
JERVAL, AEASHUET IR PG . FEAK BRI R AR B AN LR K PRI R B AR P AT AR
ARSTEAR IR PR AL TFHT 0, AR AR 17K P23 5 A A 56 25 [ 7K A7 22 2 ] ) 5k 22 1 il 7K
P R RS E ME RS, ) FH A I AR B2 AR A KSR AR AL B 58 B2 (W) MK B2 22 (h), SR IEVITHEL, Befig3R1544
JFRIRE(0) Hedla - tand = hiw, HR4FE P AN A R B F00 K P2 R 1 3 A2 R Y (2-3-1) 1R 7Y (2-3-2)
TR (2-3-3) [6] (4] 5):
h, =w/w, (2-3-1)

h /h, >w, /w, (2-3-2)
h/h, <w /w, (2-3-3)

4. BERESHH
4.1. B KEARENSEWRN BRI E LTI

1) 1979~1996 47K A [] B M5k 1 B B

1979~1996 4 If &) Bt A T ik £ 1K) = ME SR Tl ROKAZ 2205 2.94 m, Bk 229 1.91 m,  HIvKAL 2
FUG TR Z IEVIE R, (E3 % /N T 3.65°F, 7KA7 2 51 1K E L S ALK TF 30 m, @ F 7K
JEHE X DEM(73 #2930 m)$E U3 B 3008 R s 75 B T /K BERF 70 X35k, ok 7K e T R s e X /D 0 i v
T 3.65°41, HABX IR A2, /08T 3.65°, B AE R 6). Wik, EMFRXAET
K KA 22 it 51 2 B3 AR AN ] B0, 7K AL 22 5 7K S8 AR 58 i 1) EUAR 7 9238 A 12 X3 1 10 7 e
FIICE 1),

H 7KL %
W LR 5 FE » .
VAVIN] ! !
Tanb=h;/w,

Y
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Figure 5. Stability discriminant for coasts of low gradient

E 5. BN ERREMH

Table 1. Imaging boundary change with different gradientwater levels of coast in 1979-1996
7 1.1979~1996 I B £ T KU ZE S EMRIGIAF T

BAILRHE) oy et sym. s sym.
23.06 0 6.91 (0.23 14t) 437 (0.15 1%t)
9.62 0 17.35 (0.58 %1) 11.26 (0.38 1471)
3.65 0 46.09 (1.54 1%71) 30 (1 1%71)
3.0 0 56.12 (1.87 1%7t) 36.44 (1.21 1%71)
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IR U 18] 7 41 o AR RS A 47t 2 e i /K A (1979 4F) L FR R4 2 S35 7K A.(1988 4F) At T4
1(1996 )3 AR IR 35 S F T /KL RIS, ZEW e 23R T 3 BRI 5 —
BN Ry Gy B =IE I (1 7(a)), At FL AR R A ol 0 o 0 R SR R A R 3 A

£ 1979~1996 EMF MBI, FAMANK, EER LD 2R X PG AL 7 s A 7K E T 1 75 R LA
L REPE 7, I3 R AR E TR AU T3 VR O F T SR B R 2R (P 7 (b)) e ER TS T 7 S VAT [X g
MIEBOR, SSifleE, KZJRTIEEMERINILE, oo MidE . J AR EH g A KA
ZHARII T, R S5E WZIXIE DEM $odfi 3R UK BE B, 6 B T K B3 7 R AT 7 X, 46
RIEEACEEM R0 ORI AR . R PR R R AR AR R S e R e AR AL B AR AR AR /NI R
FEREX Atk D, HORZHONHE VR AL R, 5 BT 5 T 7K R WA 18] (R - 7 P A0 7K R T 11 P e
R, TR 0.834 km?. F3E BU 2 B AR HR N P55 e HA PR AR A 2005 S FE RO, ELBE A /KL 22 Fii L
B, K2 HONUURR S R E AR BT I S i, 1SR 5 B A7 8 D] e [X P4 b S 3 e
FeReva R A PR — 7, A 10.50 km?e JRARALZR, 3R TS0 A 0 U B R K G TR 1 — A, R
72 BT KB TR E = A — ELAL T LU T R (Y R B, B B R R R VD IR, SR ARTT 18 e
$R3), MAE 1979 S 10E T 7K BEIIRAKRYD B 1) SRR, (R UHT KL P e S BUR 1 —H B HT R AL,

. N
S
Kl ‘
High: 23.0337 N 51
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Figure 6. Slopes of Guanting Reservoir

6. BIFKEMXIEE

(b) AR o A

Figure 7. Dynamic change detection and distribution of coast types in 1979-1996
7.1979-1996 F A EIRSAEE A 23 AL RN () K2 il = 2B 537 (b)
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ZJE KA I ) 2 SRR RS AT, R THANZ) A 26.024 km?.

2) 1996~2007 7K AL FFEE T i B

1 1996~2007 4R ) BE P BT 2119 1996 4. 2002 41 2007 4F 3 R4 R i KK A7 250 3.65 m,
INKALZE RN 3.47 m, ARIEIEVITFEEDL, fESE/NT 6.54°HF, /KALZE 5| AR HI/KED A A KT 30 me %)
ECAIT 58 XIS AT R I, B T 7K P BB B A 6158 P 1 32 A s M 7 R R 2% A (2 2) o

SFIEEL 3 AN AR 4 T B T JE 2 I T 1996 4ESL 8 N4 (il . 2002 4F A% NSk (il
PA K 2007 AF5215 i udiE (/4] 8).

1E 1996~2013 “FBS M BL N, /KIELF NS, HILT KIGHE K PEFTRA P& X, o2
£ 2002~2007 4[], 101 FZEARK F] 1% 8] B A BEAS 4R X0 700000 b MR X 30 2 28 AY I 4% 8] 43 AT
R DUE e BN 8] B P R DX 2 AR AL S B LA e BRI AR 9 2, e AL X el 3= A T Wk g [X
[ ) SN = A RN ) e o 7 1 N N B i 192 = = R e M T 1= P /5 N AR S S 55 g N
s, WD TR B IS, FR, AKOAREREN, A IR IR R o, moig
B KA BLAR PO SR R i ResE v, (B2 5 R RT3 TR RS I . X AUA 31.54 kmP.
TP X 35k 70 A7 1 7 52 TR] R 7K T B ANTRT T IXC8, XLl 1979~1996 4 VARG DL al LA H, I8R50 A7 Bk
TOAMCGER C4h, B HITERKIEE 1, 3R oK O FoR AR RN, ERER, H
7RI B LU A, fE— BRI AR T, #2111 IR B 3G KOs B LA e, hyKamT ] 1 H B ) 45
FERIIL S, R KB R B E R, AN 31.65 km?. £ 1996~2007 £E[A], 7K 52 il X 3] I AR 3
G, HA CZRARE T KRR E R PN E X o D VR AL R 3 AT E 7K (A XS R K e

Table 2. Imaging boundary change with different gradient water levels of coast in 1996-2007
72 2.1996~2007 AR E £ T KU ZESEMRIGIAF TR

23.06 0 8.15 (0.27 {%t) 8.57 (0.29 1% 71)
9.62 0 20.47 (0.68 1%.1) 21.53 (0.72 14.71)
6.54 0 30 (1 4c) 31.84 (1.06 1%7t)
3.00 0 66.21 (2.21 13T) 69.65 (2.32 12.75)

() TR AAARD b) AR KBS

Figure 8. Dynamic change detection and distribution of coast types in 1996-2007
[# 8. 1996~2007 SEAE]ATHEE AR5 T IR () Kl E 2B 5376 (b)
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RS, XL AU 4.50 km?.

3) 2007~2013 47K AL A E K I i B

£ 2007~2013 AR (] B 9 BT B 1) = s2 18 b i KOK AL 22 0.98 m, e /NKALZE N 0.78 m, MR IE D)
TR, FESFE/NT 1.48°0F, /KA ZE SRR EL AR T 30 m, 7 X AT Grix — 44 (42 3).

[FIFE, STEEHLT) 2007 45, 2010 41 2013 4F 3 M ARG 4 3 B4 00T JG 20 I F BRI 26 — 32 1k
YN R, Gy B =i#iE( 9).

MBS 2007~2013 B T K EEKARID T ARUAK, FEA B TRPURES, AoEiEm
R IX I, FaE B X IR AN 0.24 km?, AR X I AN 10.11 km?, T2 b8 X 140K 0.54 kmP. M
PEX AR S [ A af DUE e BRI B A, KRR R DIRARC N, (A2 %k 1 3 il
FRFFARM, BT KA AR D LA, SRR DX 38T 43 A5 7E 7K 78 TR K] J AT 1 X3, 32 3
FH T 7T IR AR, (A AR 48 X 3 ot £ DAV o, T A ] R B R X e vb A% /T 0.005
mm, KAL) R B, AL TF - AR RS, RIS KA IR Bk, A% X I R I H VAR
PPIRZS, AL E b oA —E 3 R IR 23 (7] 73 A e A AN, AL T B T /K EE RIS
X IR g T R s TR B XS A AR AR R, | Tl R DL, B A R b Hke e Al
REEG.

4.2. 3K B EREFTKELFREMRESHEL
JR U AR I H E ELL AR S Ik AR A TR IO 2B A A 5, SR T 7K 23 R SRR 1A 23 A 23 1] 4%

Table 3. Imaging boundary change with different gradient water levels of coast in 2007-2013
7 3. 2007~2013 F A [EHE A St TR ZE SRR GIAF TN

A 35 B 0 /KL% —0.78 m /K fii % 0.98 m /K2
() (2010 4E)/m (2007 4E)/m (2013 ££)/m
23.06 0 1.83 (0.06 & 7T) 2.30 (0.08 14 7T)
10 0 4.42 (0.15 151) 5.56 (0.19 1%7T)
1.48 0 30 (1 1%t) 37.93 (1.26 1%1)
1 0 44.69 (1.49 1%71) 56.14 (1.87 1471)

(8) T AACHN (b) AR R A

Figure 9. Dynamic change detection and distribution of coast types in 2007-2013
9. 2007~2013 F A [EIAFHE E AR 3 AL R () K221 = 2 B 537 (b)
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b FIETEK, IR EEAANA FHAEE T A B I, Lm0 R A I R m A (8] i
Xf 1979~1996 47K A7 [ EMEEK & B 1996~2007 47K A HF8: T vk BRI 2007~2013 4F 7K A7 (143 BBk v I B
PAARTY . R PR AR E R X SR B O A A SR I =Pk, SRR I T — & W
MG, W EA R RN TR, RO E R mAL 16.19° 77 W ERE) T 2.82 km, ZJETER
Mt 4.97° 7517 EREN T 1.97 km, 10 5] R WS 4 3 DR @ KA CHRAREL R A B, BARIK AL AR AL
W FERR R, A EH T 7E 7K 58 VAT X BBl (3 FE K B 22 i M s =2, DA, TR 2 B R ZE Ik /KT X 3
AL RS (B A ARG K, B A TR B T KRR KAy, H BT RN T R oK R i 5 25
A, RN AR S BT R AR T 0 S R 2R B T B S ) AR AL T MRS s ARE B X e TR P
JE R NG, SEE A AL 13.7° 05 18 _EA83h 1.76 m, FLIE 25 0 A0 kg = (048 4k JiR R S5 9 AR A — 3 (141 10).

5. &iR5itig

1) BT K XSRS AR AL AR T A4 A =B B 1979~1996 4F [ 8] bRk V& B BL . 1996~2007 4E [ 4F
LLFEAFM BN 2007~2013 (AT E BRI BL. 1979~1996 47K BER AL RIS, HAKOIBRIE IR AR,
A F KA 3E I E 473.55 m~477.96 m 2 [1], KAAFEPRARMIREERIR, 4T - @8 B 0RE, HHKAL
AR, HIKAL RS R W IR, SR 1.1 m, 2O H AT E IS . 1A 1996 4
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Figure 10. Changes of centroid of different banks
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