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Analysis of surface area changes of Keluke and Tuosu lakes
over past 40 years and influencing factors
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Abstract; The surface area changes of Keluke and Tuosu lakes in Delingha City, Qinghai Province were studied.
By use of the visual interpretation and modified normalized difference water index method, the values of the surface
areas of Keluke and Tuosu lakes were extracted from remote sensing images of years from 1973 to 2013 issued by
the U. S. Geological Survey, and the characteristics of the surface area changes were analyzed. Combined with
data of precipitation, air temperature, evaporation, runoff, and agricultural irrigation water consumption in
Delingha City, the factors influencing the surface area changes of the two lakes were analyzed. The results show
that the surface area of Keluke Lake remained almost steady over the past 40 years, the surface area of Tuosu Lake
decreased initially but has increased since 1973, and precipitation over the study areas had an increasing trend. It
was concluded that the precipitation had an insignificant impact on the surface area changes of the lakes. The
surface area of Keluke Lake was mainly influenced by evaporation, air temperature, and runoff upstream of the
Bayin River, and there was an obvious time lag between the surface area change and the influencing factors. The
agricultural water consumption upstream was the key factor indirectly influencing the surface area of Tuosu Lake,
and the air temperature, which affected evaporation and the upstream snowmelt runoff, indirectly influenced the
surface area of Tuosu Lake.

Key words: Keluke Lake; Tuosu Lake; area change; remote sensing analysis; influencing factors

FETH . BEE A RBF R4 (41172203, 41201029 ) ; 15 2 2 40 1+ B S L ORI 5E 45 (20120094120019 ) 5 7 [ 1+ J5 Bl 54
(2013M540410) ; e = A SEABIIFAL 55 B & 11 (37765 K2 2012B00314 )

YEH A RIRTT (1989—) , & A-ERGE A 58 07 ) S AR K SCEIKR AR Y . E-mail :804831828@ qq. com

WAEVES R s B #4% . E-mail : wenzh2812@ sina. com

- 28 -



AR T AR HERR IR, SRR S AR AR L, B
e ] b RS T TR AW e o= 8 i Vo AR ) i B
S5 T R XK R A ALY, TR
AR AN G B T & R, S 808 1T P B
AW H 2T, FEREE A K AL R BRI
T FR R /0, SO A V5 DX ) AR VR R 5 AR T
VAL AR IS H 2308k, 45 S E R AR
WA P R B T TP, T T R XA A A
FAiE s, — B Z B IR AR &R Rk, 5%
T PR X N A AR S R R — TR
WA R TAE,

AT T AT R R T A A A T
RN XA — BE A R R SR R A
) — LIRS, BT — K —/N, — B —IR , 5 —
/N INIRRIK T S B AR E . KA LUK SOk A
AR K, IR K A B Sl T 5 e T8 42
2 1 BV TR R AR K R 4 3 A 2 R R ) HE
FWIHEM, FER W 3 B A2 T s R R AR Kb
95 AT ZEEOR HEE b i T N 2R SN
RS b KO T i kb 2 i, T i A
YK AR A2 B B R T s i IR R I 7KAoL
25, S EOTE SO AR Jo TR I FE IR, T e
WK S AR I RS, PR, AR5 T & T i G 3R
T8 T R AR b B L5 i R 2R X6 4 s DX 114) A A
PORUK B IR A PR E B T R L,

i 5 328 SR A 18 1o FE 0 i, [ P AR R 3
AR B BOK AR W AR 2, 38 BT 75 AR AR
BB R X R B AR A, A T VA B
PR AT T2 00 FE &K I5) 40 4F LA SK i BRI A8 B Ho g
B, EH LTS O FER BB S, I 1 8%
F1GIS HARSREL 1973 4F 2 2012 4 A 30 1 FR(H,
FEDEIER 143 B 10 B AR fb R B I3 A TR i)
PRI, R 4 0 b DX ) 2 25 DR A7 RN /K 9 U5 A B
PSR,

1 HRXEFR

AT AR T A Sk A G AR
#,2000 4F 5 H H R A BOMN AL E S W] & s i) -
FER B A R X B A WA T 42 km, R4
DX T AE XU T A, 0 R SR AR A 1 EE 2
WX A 2 REE R AL, B A A e T B A A B
B, e Sk AR A AR U AR TEWE T BT 1<
AV, X5 T4 DX 2 25 R G A T X
B R RK BRI A T B R L,

AR, T A2 8 LU ARG 3l AR AR 55
R, ol & vl FC R W m AL AR e, LR

S B 0] 2 [B) A R 2R 090 1 9 J3E /N B L 7E 2001 4F
G (B 1), IR B A 0 b DX A A A Al
BT H R BIREIR SR 1T 2003 AF LK, FEE WK
AU B, B, ol & 5ol FEER W
() THTFRAR AL DL s PR 28 BT AR B

D ol 3
s S

ﬂ (b) zooﬁéﬁ (c) 201£E8 =]

E1 AEEE EERNERYE
2 HIRKRIBEMEARTTIE

B —1] 20 20 K% AR B L5 G 2B,
BAZW 276 2ha PO R A, M BERGE R 5 A
5k BB A WA ST RE T — iy
PR Be Ay s, U HOZ IR AR I 6 [ ik
BT et R TR AR 1o 43 P R s
R HEA TR A B IR A S AT PR T R AR R
Y, EHEFHEE B 1972 4 & SRR TR 1
FpG b TR 5 LU B T2 7 Frak Y i A%,
23] 7 HER R 30 m ( RBV 1 MSS A 8485 1425 8] 43 BF
%K 80m) . Landsat fii#h TDE7E I BT 1, 7o
G375 TE T K AEY M e SRS [ ) TR B
FHPRBPUREE 122 5 TG TE A (8] 4 BER AR AR 1Y
PRI AR B W O B RT H 3G b 5
AR Pk 3k
2.1 EBREEERIE

AR SO RS A VR T 5 [ Tl o A A J) A 1Y)
1973 41976 41977 41 58 X MSS %4 ; 1987
41988 4 1990 4 1995 4F-HF5T X TMS £ ;1999
AEF] 2013 4ERFSE X ETM+503 . HAR K U 4 %
RERUR T B R 7K P PRI 5 M P ) T oy 4 A1

ABER, AP DL AR B A T
.29 .




SO FEE 40 Aok AR L, IR0 25 4 T T
VAL 5 Bl AR i oK 28k
FK SN E AR, HEE0F 5T HAs 2 Hrisia
T FRAS AL, , 396 BCHA 5 4% %5k 0 T AR PR AT e TE X A
SO T, I AN T 3 B Ath, v A J3E 11 38 SRR AR
XA A A A T AL IE
2.2 HERRENAE
2.2.1 BERHBIALLE

B 2 XHB ISR H AL B, A JLAMTAS IE 4 o
KIE B Z 46, i F Landsat-7 ETM +8L3 41
AT IE RS (SLC) W F: 30 2003 4E 5 A 31 HZ )R
RGBT B s 454 B2k P E 2 T ETM
HEGZRINEE, EE A ENVIA. 5 TM6 £ 4571 T
BT 5500 KB A5 BB G i BdE vT IR - b
HFEmm A e (E 2) .

(a) Z AT

(b) LA&AMIE
2 EHEWIE 2003 £HERX ETM+HE K&
2.2.2 FARRGRI &

[ MG Z2E 0K S B R BGH Tz
HIRESE , FAE 1985 4F Jupp %500 wltid i 20 s A% Y
FLT B FE TVT U Bk e BIE T K A5 B L)
2438 ; Barton 25" FI ] AVHRR #8508 1.2 P B
(R EEAE X 7K PR M B AT T 4R B M A7 e 45 R
TM B 55 ik Bt 550 = I B2 RN K 158 DU g
B 5550 ik BE 2 R R AT S5 B B T 5T X 4 7K
K15 B s Mc Feeter'™® % 31 I — b K AR H5 % (NDWI =
(TM2-TM4)/( TM2+TM4 ) ) 7] DL 3 FAs 1% 15
B, HETR S SR BT RS B IR A
“h NDWI $8H506E LAl @5 (75 2, , 76 L fly 42
H T BRI A — 1k 22 S K PARHE £ (MNDWT = (TM2 -

. 30 .

TMS)/ (TM2+TMS ) ), [r]ish 3 ) 7850 03 X A 57 X ek
B MNDWI>E(k A BI{E) SRAZBOK A A,
JUAE AN TR) (O BIF 5 3 4 1) 18 SR 18 A T IXC
5 B MR RF A Landsat TM/ETM $2BUK (4 f
TIERET LAY Ry B B 1k 22 U0 B3 ) O 3R
25 OFRYE Bk T ZAE KR BRI R il
27k B R KR U I B 1R — E 1
BB AT B, (EX B 28 5 (K AR 5 Ak ik
22 T A 0 DX 4 2, G AR A /R AR s @2
BOFARYE A AE AP B S B AN R G R AE , 3 0
ARl B () s SR N R T 5 KA S, AR AR
IRAREY (TG R B B L PR HREUK A
25 L1 1990 4F 8 H 19 TMS 52145 K 191 33 47 T A1
PEEL, 25 ILE 3, ATRLE S, i Bk (B3 (b))
A2 P B HAE T (B 3 (e) ) X T el b iy 1) 40 il £
FHFEASHA G, o0 o FU AT , e B 22 0 Bk R bt
IA—4k 2% 5K AR H5 B0 (TM2 = TM5 )/ ( TM2 +TM5 ) >
kCk HBIME) (3 (e) ) RBEBUBIA AR, £ XA 5T
DX ERE B, TMS 2 AR B k=0, ETM + 5215 3% 1
k=0.2 45 2K A4 s RO A, X
MSS A%, XUHE Y RE I S 43 R E A A
W A3 5 AR U AE S (5 MSS 5218 %5 ] 43
BRI, R X A LS R K 22 A % B3
T LA B B D T ()8, SR PN T B A BRI 2,
HALHEAR T EOR 0 F 3 AR A A iR 2
At —AMGoT , MERRARBURIAME B

RGN

—
>R

a

A =

4

(b) TM7<k

@ TR

(c) TMI/TM2<k

3 FREFGERBKELEE

(d) NDWI>k (¢) MNDWI>k

3 HMHEREUERREZMERST

3.1 HERTLBERESH

HRAE b SO AR S BB A t FOF A a T AR
TR R mE 4 R,

TER 4 HRalRAE L, 1973 4ELLSKE, AT 5aib AR



180

160 |

140 \/\f\/‘
120}
100 - — LR
ol 0 T
60 -
40|
20}

WA R /km?

0 . . . . )
1970 1980 1990 2000 2010 2020
T

B4 TEEHEENERTHAE
KEGE , A IMEARI &, FCR I ARAR LR
FTRAGE R WA B 0, 2 ) 22 4 10 R R S 1, I
1973 4E5 2001 AEHEZ BT FL T 160. 1 km® 22 47 2]
132. 3 km? , i 7 2013 4FH A UK 5] 144. 6 km®
3.2 MAERTLZmMEZRSHN
3.2.1 K&AKK

ELE R S P A 5 AN Y, S BN EA I
K SC FEA MK SO A4 I R Gk | RBE K S
TR S A3 | JH v 82 ey K Sl A A R 52 ol
A 1956—2009 43 51 A [ WL 5} 4 1 7K 3¢
YA 1959—1991 4E3E 32 4EAYREK TR RBEUE A
1958—1963 44k 6 4F MR K GEk} ; PR Sk b hr s (A
1985 4 1 4F By LI 558},

HRYEAS SO 5 TR RV BT, EIEE A8 %
S R B ORI T 0T, YA A X AR A A b
MR () e DR Rl 1 A, e T 5 B /D 78 R
SREL, ZAEEHIREKR 190 mm 24, BT
KM 1/10, RAEESIEIZW MR (K S) R,
R /K B — ELAF RS MY R 3 3T 40 AR RFT R W mi AR
SEPLSEIING HG N AR B 5 i T A Y b K
(AR A AS A TE AR AR R 2R

Sollir P=1.9388Y-3 666
300 R2=0.151

[% 7K 2 /mm

1970 1980 1990 2000 2010
Fhr

5 BEKEHFTHER
3.2.2 BETTNRRE
I A 4 W5 7K Sl 1) R AR AR B8 ek R 971, ek
Sk 40 SRR RORRIES T T, BB R AR AR I i
FRYNEA B b T el T Bk 3 150 B B 3 3T
AR . AR R (B 6) XT L

2Rk, 20 4 70 4R 80 AR Fok I, 90 4F
AR, 2000 4F UG iEA 1 ASFEKE, Bk
W SR BTN, Ay BT 1A H ET2 AN H B E
1A (14 E5 355 YT S0 7 0 AR P 68 o 3 e AR AT A D6 1
A3, BURH O R B BT 3 S H Ay, ol &5 1 14 T
S 18 B R H A an 7 A~ H R 8 A~ H AT 1 4R
1 T YT A2 I i AH G R AR5 il o 0655 ,0. 660
0. 714, AT v i) 1 AR5 2 ARG A A3 T 1 AE Y
L Y] S 3 A OC R gl K, Rk, AT 5 e 180 T
TR/ INAZ P35 T 4 s Sl ) A8 0 2 ) J8 =5, (HL
T SN A I e ) T 5 B K B RN AT 2
Hi T 5 SN

NN
S

it /(mP-s)
—
W

&
—
S

wn
T

T

Ee6 BHTETHRARETIIRE

F 1 AT BGE B AG T A 3 ) B Tl S0
. NE 1 ATLIER, 1973 £ LK, i BUE B2 14
Xof o A3 B Y S 9 (A AR AN K, A 7E 2005
AR TR, WS BT R K B R AR
H Bl — 3 K ) R T T 3, T ] 65 T ) 22 SRR
8AE 2006 AL T HR RSN, A K 2. 1 km®
255 LA B AT T )42 37 0 6 08 9 T R A 5 T A A
A S AR S, B 5 T — A A 42 I R S ) T
S AL BN R Z —

®1 BEWELHMIGERSGENEABIURESTE

I IR
T 5 ) N R, Ly
WO BEBY WO WEEY
o T HE/ i kx4
m (m®-s™") - (m® s
1973458 A 56.499 13.750 [20004E7 A 54.823 13.282
1976 411 H 54.002  8.742 |2001 454 H 55.128  6.028
197745 A 55.142  6.619 [R0024E9 H  55.174 21.346
1987 412 A 55.126  7.813 |20034E10 A 54.381  10.925
1988456 A 54.133  14.157 |R004 4E9 A 54.498 11.822
1990 4E8 I 54.428 11.883 |20054E8 A 54.786 59.792
199548 H  53.971  8.664 |2006 48 H 56.877  20.732
1999 4E7 F1 54.883  13.751

3.2.3 ABMKREEL
TR I A DX SR Fos AL, G 5 T | SO ey LR
B, T PR R A 2 B KRR b 2k ks AN,
ARAL TR A St IR T, KU 2, AT
IKIP AR IIREAT o Tk = 0T AR AR A R, A
SCR TSR A FE A I8 TR B BORL (I 7)) |, BORHIY
- 31 .



B  ARFMELT PIBTN 78 & 1 T DRSS 0GR 4
s TR TIER . TRV EI,1973 SRR Bk &
BN S <8R =2 OO0 DIV K 11 W A9 & N1
ASH EERT AR ZE K i F0 ] & g i i AL AT A O
P, UG R BRI AT 3 A H A, il & 5d il i
AR 18 RS2 AR 1 A 3 i 2 A H RT3 A H R4
A 75 K A G R B A R -0.073 - 0. 465,
-0. 276 , AT & S T AR 18 BG4 i 3 4~ A
78K AR B, BRI, AT & sl i AR R/
51T 3 A H /K28 R AHSCOC FR 5 3 A T AR
7t e b B S W S TR 3 H

3000 — &R 110

! lo

£ 2500 N
£ 1792 =~
| |, =
& ]
i -SQ@
oy -4H—;—:
< 1000 38 &

s 500F 0 T e : %

0 - )

NN~ oWV — NI~ — N V>

N0 RN DD OO

[ Yo We Yo No e NoNeoNo e e Neo e No N R e Rl

~~~~~~~~~~~~~~ AN AN

E7 WTem#AENERLE SR RUESKELE

RS A3 3 T T T 7 AR DX b i [ K
(AFERE 7K1 Bt B B 2ok (55 ) ok i) 42
SEMIA T AN, 1973 AR LAR , AT 2 BRI 1 a3
(B 7)., BURBSEAAXN A4 ai 1 AA fr2 A
FLRTT 1 ARRH X SR AT s i 1 AR 7R G
PR, BURH 6 R B R BRI 3 A H A, vl i i)
TR 5 18 B AGO0  ARTT 2 AN H JHT 3 AN i 4
A A A OC & B4 i o - 0.304 - 0.537,
—0. 448 , " E v i I AR5 12 JEGE AR X R H Ay R 3 A
AWARARSC R B K, BRI, AT v i 1Y T AR
/NS 3 AN H R ARERAR OGO R A i 2, WA T AR
AR B M O ELA i S R R R 3N A

MK ZE R R AR Z , BIan <R K FH 5
S RGE M Ans SRS IERE T AR R
S E TGS AR 2 L e T R G
FEREZ FRER RN W, 2Kk i/ £ 2
JER A D E 1973 5 LISRAFFE X A0 R K G 5L 08 i )
B T RE 2 s SRR, T AR YRR 22 ) 5
QW5 X114 X 2 B N R 3 (T 7)) XU 9/
WS T S S, B2 n 2R L RN B 54,
MBI 55 R A AR S R JRy A ek A

ZEA UL LA BT, AR RN 28 20 Rl 5 e 1 T AR Y
SN ELAT W 5 PR W S B 3 A H
3.2.4 #EBAKE

FE /K f A2 I Bk P i R Al R A M LA R T K

A G A K B FE AR K A
AT FE K N R BRI 5% A4, BT
Al & T KB R 3 4B B D1954—1990 4 FF
LR R HUBATE IX i, BRI/ N E R A i
R SR ERSE MAE BRI A ST
8,0 FOR R B A L& R K 8 4 SR A 3 il T
IRGEIRAIRKIR B . @1991—2003 4= 4 [a] |, £l 41y
K BEE AR Y AR Y kAR A DL K45
SHMA TR TR LEATF LRI H , s T K5
T30 AL K FT R T RS SE AL, (32003
TEEA AT KB it 1) i — 25 52 3% LA E X AE )
FAe ik — 206 BRAE , A5 A0 5 K BRAR T — 2 1k
SR A I B A T AR K TR M R
K 1) ] T ) HE T T s MR A SR
BRI IR A2 a1 FL 2 W HEE ) PR AR AR SO
FERAT B P, R HL 2006 A1 T 7 PN A4 Ml I #E /K 2 5%
R, A W T AR I K AT AT HE R, 15 )
2000—2007 4F- 74> w5 7 HE W FE 7K 1228 A0 1 O (1A
8) , KT £ i W e AR HE I 1A AR AR K R E
FFAHSEIE AT , 45 31 46 2% 180 i FXURN 9 R AR /K 2 A 5%
ZEH-0. 848 @i 0. 05 B AG RIS, [ I HE L FE
KRN T R A BN R 22— i & 5 i
TR R FE K A OC R B -0. 041, 7E—E M)
TR PRI, I FH 7K ) 28 A I AN 2 % Rl 8 38 1Y)
T P i R

201
19
1.8§
1.7

1.6 -
1.5

ek /A2 me

l‘42‘000 20‘01 20‘02 ZOb3 20IO4 20‘05 20I06 20‘07
tEf
E8 2000 FRURELHHRIVEREKETUIRE

3.2.5 HuwmBEEZoMN

FEZ ) Hh AT 5 5 0 38 TR R EE A
R HEME  SFEZR WN FT & SLis B AN S /N T
WIAKTE P25 A i i), FE R W BV S0/, v
SRR E LR MIAN A R RN E 1R
TERNHG 22090 =2 [0 174 32 30 o] gl /> S 9 s (R HE R
WK A3 WSS 33 Ay a7 B, A2 A7 AT 65 o i 0 45 o
FIZE it 1) 22 (2 e JL T AL R 2 R, 1A
T 2 ASCRFDOU 3 55 3 Ao 5 ) ) T 7% & R XL Ui
[ K (RFERRE WK1 i i i S g etk () o
SRl ma W A, BEEL 1973—2009 4FF-34 S,
TR SARRHREE TS (] 9) , 2400, 159 24T
FTE RS AR B AR R AR G, AR R



-0. 656,31t 0. 01 B 7 BRI, K, SR 252
FEFR WAL 1Y F2ZE PR 5 AR R SR R W
T FR AR AE 56 R 800 —0. 204, PRI, AR X 8 B 10 728 4k
FEARSXFFCZ I 0 1o AR At i 35 R )

50

S 45

40

E 35

= 30

+25 [ SR TR SR S SR N SR SN T SR S SR S S SR S
on W NN O WV O —n KN I QN— N O
NS> - 00 X0 00 D DN OO OO
AN AN AN DN DO OO0 OO
— e e e e == = ] NN NN

i
B9 Z=SMEEERMATEW L
4 & it

RS FRBFSE, 1973—2013 4F 40 4E ], m] & 58
WAL R R AN B ., M FC T A R AR TR
A, 33— AR X 7 A I b DX ) AR AR PR T R T
S E R, A AR AR AR SR R
ELE AR i it A K AL RV E S5 1 F AR
I FEEL BT,

a. 1973 4ELUDK, T & v i i FRUOR SR , T AR
ZURARIE  FEE W AR AR BT LA A
A0« 2T =22 a0 RN T BV &2 I, L 1973—2001
4E FEEWIE A H 160. 1 km? ZE45 5] 132. 3 km?, 1M
2013 4E H AR XK 5] 144. 6 km® . FERIIE A
BT R B] X K AR A R B I TR
AL R TRIEL

b. AT i T AR A X B 35 T 1A I i A A
i SRRIZE K I I LA i e e T v T TR AR AR
AXF B T A O Ul () AR I B S S ) Sy 1 4 T xe)
S ZE R R S R DR 3 N H . FER W AR
AL FEZ BN | R EEAE K B (52,

S

[ 1] vk, WRmE , 25307, 45, 1975—2007 4R il 5 DX Y il
YA RV f 38 A AT [ )] WA RR2%,2011,23 (1) .
80-88. ( BAI Jie, CHEN Xi, LI Junli, et al. Changes of
inland lake area in arid Central Asia during 1975-2007 : a
remote-sensing analysis [ J ]. Journal of Lake Sciences,
2011,23(1) :80-88. (in Chinese) )

[ 2] ZRAFi5m. S5 A8 MU v 788 g i 80 9 i 28 B JFE D IR 4
Kr[J]. #ARKE,1999,11 (1) :11-19. (QIN Bogiang. A
preliminary investigation of lake evolution in 20-century in
inland mainland Asia with relation to the global warming
[J]. Journal of Lake Sciences,1999,11(1):11-19. (in
Chinese) )

[ 3] sk, EOUR, B, %, 2T Landsat TM 805 09 4 5F 90
ISR EFFE[ )] 2 528 M HLE 2L ,2012,35

(4):23-27. (ZHANG Jie, WANG Xinyuan, GAO Chao, et
al. Research on the method of extracting water information
in Dongping Lake by using Landsat TM image [ J].
Geomatics & Spatial Information Technology, 2012, 35
(4):23-27. (in Chinese) )

[ 4] BIAHE, B5OUK, T8 5F. R R i 4 05 B4
W AR UM ARBETE[J]. W23 F27,2005,30(3) -
18-20. ( MING Dongping, LUO Jiancheng, SHEN
Zhanfeng, et al. Research on information extraction and
target recognition from high resolution remote sensing
image [ J ]. Science of Surveying and Mapping 2005, 30
(3) :18-20. (in Chinese) )

[ 5] JUPP D L B,MAYOK K,KUCHLER D A, et al. Landsat
based interpretation of the cairns section of the great
barrier reef marine park [ M |. Canberra; Institute of
Biological Resources, Commonwealth Scientific and
Industrial Research Organization Australia,1985.

[ 6] BARTON I J, BATHOLS J M. Monitoring floods with
AVHRR[ J]. Remote Sensing of Environment, 1989, 30
(1).:89-94.

[ 7] o, Vo6, I8 (s B HR A K R 4R IO ¥ 1 P80

[J]. Wb BEAF 5T, 1998, 17 (34 ) 1) 86-89. ( YANG

Cunjian, XU Mei. Discussion of the water extraction

method based on remote sensing information mechanism

[J]. Geographical Research, 1998,17 (S1) . 86-89. (in

Chinese) )

MCFEETERS S K. The use of the Nationalized Difference

Water Index (NDWI) in the delineation of open water

[8

[

features [ J ]. International Journal of Remote Sensing,
1996,17(7) :1425-1432.

TR, RO Y I — b 22 5K AR 5 50 ( MNDW) 42
WOKAAS BB FE ], 18 &~ 42, 2005, 9 (5) : 589-

595. (XU Hanqiu. A study on information extraction of

[9

—

water body with the modified normalized difference water
index [ J]. Journal of Remote Sensing,2005,9 (5) :589-
595. (iin Chinese) )
[10] ZR3CH, TEde 4R AR 42, 45, JET Landsat ETM+3215 1Y
ARG R LR B RITTIA [ )], Bl 4, 2008,24 (2) -
252-271. (WU Wenyuan, SHEN Xiaohua,ZOU Lejun, et
al. A integrated method for water body detection and
delineation using Landsat ETM + data [ J ]. Bulletin of
Science and Technology, 2008, 24 (2) . 252-271. ( in
Chinese) )
X Bl TR MSS PG 3R KU B A LR
PEHR[J]. PR8I, 1989 ,4 (1) :19-28. (LIU Jianguo. A

technique for computer aided recognition and extraction of

[11

[

surface water area information using MSS images [ J].
Remote Sensing of Environment China, 1989,4 (1) :19-
28. (in Chinese) )

(F#% 63 1)

.33 .



