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Abstract: The Dongting Lake is the largest lake in the Middle and Lower Yangtze River and ranks the second largest
freshwater lake in China. Seasonal fluctuation of water-level in the Dongting Lake forms stable wetland resources. A large
area of shallow marshes and mudflats, which are exposed over water surface during the non-flood season in the winter,
provide habitats for several migratory birds. In recent years, the effects of the hydrological processes on wetland ecological
system have aroused worldwide attention. The complex nonlinear relationship between the Yangtze River and the Dongting
Lake has led significant changes in hydrological processes in the Dongting Lake after the running of the Three Gorges
Project.

Data sets of surface area in the Dongting Lake were extracted using MODIS imagery from 2000 to 2010. During
interpretation process, NDVI index and NIR band threshold were set to 1000, meaning that NDVI and NIR band values less
than 1000 were water wetlands and values higher than 1000 were beach wetlands, including mudflat wetlands, grass

wetlands and reed wetlands. Since the water-level of the Chenglingji was proportional to the surface area in the Dongting
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Lake, the observed water-level data sets were used to validate the rationality of the extracted surface area data sets. The
results revealed that correlation coefficient of the extracted surface area and water-level was 0. 8058. Mann-Kendall ( MK)
nonparametric test showed that the Z_ statistics were —=2.4986, —3.0867 and —2. 5421 in the 0.05 level of significance for
the whole year, from June to September (flood season) and from October to May in the next year ( non-flood season) during
2000 to 2010, respectively. The trends indicated that runoff in the Dongting Lake was reduced dramatically during the last
decade. The average surface water area decreased 15.21% and 32.05% during flood season and non-flood season in 2010
compared with that in 2000.

In the paper, wetlands in the Dongting Lake were divided into water wetlands and beach wetlands. More attention was
paid to the changes of beach wetlands area during non-flood season because of its importance for migratory bird. The data
sets of area of water wetlands and beach wetlands indicated that the area of water wetlands decreased dramatically while
beach wetlands increased correspondingly from 2000 to 2010. Compared with the data in February, October, and December
in 2000, 29.98% , 26.76% , and 9.02% water wetlands were changed into beach wetlands in the corresponding month in
2010, respectively. According to the statistics of observed water-level of the Chenglingji that firstly and lastly reached 24m,
25m, 26m, 27m and 28m, water-level fluctuation was investigated. The results showed that water-level fluctuation from 24
m to 26 m led to earlier exposure of beach wetlands and later flood of beach wetlands, which prolonged the exposure time of
beach wetlands. The change of water wetlands and beach wetlands promoted the evolution of mudflat wetland to grass
wetland in the East Dongting Lake at water-level of 24m to 26m. In conclusion, it is multi-factors, including reduction of
runoff from Sankou ( Songzi, Ouhe, Taiping) and Sishui ( River Xiang, River Zi, River Yuan and River Li) and reduction
of rainfall etc. , that contributed to the responses of wetlands area to hydrological process of the Dongting Lake. The
impoundment of the Three Gorges Project in September to October would further aggravate the trend of water wetlands

changing into beach wetlands.

Key Words: Dongting; MODIS data; wetland; hydrology; Three Gorges Project; time series
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Table 1 Statistics of water surface area of the Dongting Lake in 2000 to 2010

4 6—9 J1 June to September 10 H—24£ 5 J October to May next year
Time e NI H/ME FIE S INI] F/MiE
Mean Value Maximum Maximum Mean Value Maximum Maximum

2000—2001 1675.67 1858.57 1365. 87 739.04 1402.37 331.27
2001—2002 1164.07 1450. 18 831.27 625.84 1659.96 263.92
2002—2003 1387.94 2004. 80 562.51 716.05 1479.37 415.20
2003—2004 1772.97 1772.97 1031.01 484.88 962.48 261.35
2004—2005 1435.03 1644.50 1210.94 630. 99 1347.20 286.78
2005—2006 1371.80 1627.33 1073.03 602.79 1102.43 324.40
2006—2007 790.90 1468. 37 241.76 434.56 649. 18 307.23
2007—2008 1213.75 1529. 66 657.18 654.98 593.91 268. 65
2008—2009 1153.45 1426. 41 750.50 697.71 1201.28 356.76
2009—2010 1420.75 1298.95 465. 86 502.17 1103.24 347.69

T2t RTN E V b B T K G 2R o 2000—2010 A1) Ji2 5 A TR A 1A T8 b R0 00 38 3858 b 1) T AR UL PR 3. AR AG L2
H 10 AR 12 A H B H 2K AR i AU H 2790 e AU 2, BT L, 2000—2010 4F 3 TR I 22 19
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) A7 s T A5 U 0L S0 ( 1981—2002 4F) 43l 42/ 1 3.,10,16 .19 d A1 18 d, 7E 24 m /KA [, ZWkiztT )5,
AT 6a IR WAL T UGE BRI ) 45 6 P IAE 5, o5 Br A Ge 4R 1 75% 5 547 Sa B BILK 7
AR B2 K A7 B B ) 55 55 P IS B B2 1, o5 Pr A e 4R 19 62.5% o 7E 25 m K7 b, =kiaf7 )5, 3 5a
B LKA T UGS 232K A7 4 ) A 5 D IS AR S5, o BT AT BT AR 1Y 62. 5% 5 2247 6a IR ALK A7 AR I
I8 B2 KA B ) 5 U IS R 117, o5 T A G 4R 19 75% o 7626 m /KA I, =817 )5 , 2T 6a B AL
IRASE B YRR BINZ AR A I B )5 B U B 3 I o A e v AR A0 19 75% 5 254 7a IR IR LK 467 R Uik 3132 7K
A7 149 s 1) 2 W SO ES SR, o BT G 4R 19 87. 5% o AE 27 m /KA F A28 m /KA b, =BT )5, kb
WAL B UK B2 KA ] ] 55 M BDURE SRR S B0 400 o5 BT e T AR08 37. 5% 11 50% |, 38 Bse WL 7K v A YK
TR BN KA B ) A58 I AU B B T A 40 o7 e A7 B AR 1 67. 5% 1 37. 5% ., AT UL, =0 isf 1 7K SCik %
PR AT L, AR T BEWATE 24—26 m KA K7 PR AR AR . 2R 11 JEE B8 7K A7 149 728 14 {688 2 Y1) e 987 ) e
PETTH EF R, PNMERR K I ()6 BE B4 R b, 40 7 7 A 5 R 1 e Y A e AR 2 s R S 8 1] WV
HE

FR2 2000—2010 £ 2 F.10 A .12 B iR EE R K AR 0 M R 3 ) TET AR
Table 2 Monthly area of water wetlands and beach wetlands in February, October and December from 2000 to 2010

R 1] KL/ m KR km®  PIRERHL/ km? N AKAE/m KR km® PR HL km?

Time Water-level Water wetland Beach wetland Time Water-level Water wetland Beach wetland
2000-02-18 20.32 669. 68 2119.32 2000-10-15 27.95 1297. 40 1491. 60
2000-12-18 22.23 650.47 2138.53 2001-02-18 21.53 418.10 2370.90
2001-10-16 26.79 689.54 2099. 46 2001-12-19 21.49 479.87 2309.13
2002-02-18 20.33 263.92 2525.08 2002-10-16 24.21 621.01 2167.99
2002-12-19 22.28 635.50 2153.50 2003-02-18 22.41 612.96 2176.04
2003-10- 16 26.60 703. 60 2085. 40 2003-12-19 21.14 413.65 2375.35
2004-02-18 20.02 426.96 2362.04 2004-10-15 26.43 668.13 2120.88
2004-12-18 21.06 497.42 2291.58 2005-02-18 24.15 736.12 2052. 88
2005-10-16 27.23 776.64 2012.37 2005-12-19 21.51 558.65 2230.35
2006-02-18 20.93 811.57 1977.43 2006-10-16 22.80 428.08 2360.92
2006-12-19 21.08 374.85 2414.15 2007-02-18 20.81 411.39 2377.61
2007-10-16 24.97 593.91 2195.09 2007-12-19 20.48 421.64 2367.36
2008-02-18 20. 69 402.00 2387.00 2008-10-15 25.74 721.58 2067.43
2008-12-18 21.30 662.81 2126.19 2009-02-18 20.98 373.40 2415.60
2009-10- 16 21.76 347.69 2441.31 2009-12-19 20.74 463.34 2325.66
2010-02-18 20.74 468.92 2320.08 2010-10- 16 25.27 950.24 1838.76
2010-12-19 23.25 591.81 2197.19

F3 WEUUKGERMARIREL 24,25.26.27 .28 m HFEHRE(A-H)
Table 3 The average time of observed water-level of Chenglingji that firstly and lastly reached 24, 25, 26, 27 and 28 m

st ] B UK First Arrival AKX Last Arrival
Time 24 m 25 m 26 m 27 m 28 m 28 m 27 m 26 m 25 m 24 m
1981—2002 04-08 04-22 05-05 05-21 06-06 09-30 10-13 10-25 11-09 11-17
2003 04-14 05-01 05-06 05-11 05-18 09-30 10-13 10-18 10-22 10-26
2004 05-02 05-05 05-07 05-16 06-07 09-28 10-11 10-20 10-24 11-22
2005 05-06 05-07 05-14 05-22 05-25 10-13 10-16 10-22 11-04 11-24
2006 03-02 04-14 05-13 05-14 06-16 08-01 08-04 08-12 09-13 09-19
2007 04-29 06-05 06-11 06-13 06-19 09-30 10-03 10-07 10-16 10-21
2008 04-16 04-26 06-02 06-16 06-18 11-19 11-23 11-26 11-30 12-03
2009 03-05 04-20 04-23 05-03 07-02 09-08 9-12 9-24 09-29 10-03
2010 04-13 04-17 04-21 04-24 05-22 09-30 10-4 10-7 10-31 11-04
2003—2010 04-10 04-30 05-12 05-18 06-08 09-27 10-3 10-9 10-21 10-30
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T B 38 2 = 1 5K YTAH I, IR 4N DU K A AR X R, PESRB AL AL, AR 5E 28,3 30 a
DY 7K i e Ay ] BEE T AT K ) TR, B AR Y 63% 22 AT, = 1 AT o IR B T I Y
25% FeAy . TUREHY, =00 PUOK A SR K R E S B AR A s DRI TR JE T T b e AR AL X K SR
il 07 A2 2 7 T 2555/ P R 85 2% 2 i 1 e o A AR 2 e 1) B 2 = 11 DU K SR AR sk 2> A R G A R 68 i ok 2> g 3
[FZ55 . 1 =2 7 2003 217 Lok, 40t 5 IRE KRR, 4391 2003 46 H 1 HZE 6 H 10 HE/KZE 135 m;
2006 49 H 20 HZE 10 A 27 HE/KZE 156 m;2007 459 H 25 HE 10 A 23 HE/KZE 156 m;2008 429 H 28
HZE 11 H4 HEKZE 172.3 m;2009 459 A 15 HE 11 AJKE/KZE 175 m;20104E9 H10 HE 10 H26 HE
KZE 175 m, =WAE9 A 10 AMEK, LB HLK AR UGE 2] 27 26 m F125 m AT ) [T, o &
MERRER Y a3
4 it

(1) A MODI13Q1 %4 ™= &, R F NDVI 5501 NIR 9% Bt 13 {92 $2 B 2000—2010 4F [i] 3 J22 15 /K T 1
L B TR TR 1) 7K T T R S AR 5 3k B LS K A B AE B, A R BGA E 0. 8058

(2)2000—2010 43 2 447 .6—9 H (W) (10 A—34F 5 A (TR 597K T AL B Sk 20 i
e 2010 TR AT %R 22 150 41 220 7K T TRTER #2000 443 510820 15.21% 32.05%

(3)2000—2010 4[5 i 181 42 1 552 B A P4 10 . 1) D MEDR 28 AL ) a 95, 2010 4F- 2 H 10 A 12 A %% 2000 4
2 H .10 A 12 AML, 23 501F 29.98% 26.76% F1°9. 02% 7K A4 15 1 1 B AL R I TR b, 31 J22 190 78 24—26
m 7KK A S T AR AR R S B MV b P T D R AR T I S 9 1, T AR A XS K S e S 2
T 255V A 06 | e 0 e DA A A0 03 S ) A = 1 K I K U820 LA B 0 4 SFe o8 R i 2 f e ] 45 R
ZURAE 9 F 10 HRIE K K E— 25 I EE P MERR R e 5
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