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Abstract. Located in the subtropical humid monsoon climate zone, Lake Dongting is significantly experiencing hydrological regime
changes at temporal and spatial scales. In this paper, the data of water level at six stations ( Chenglingji, Lujiao, Yingtian, Yang-
liutan, Nanzui, Xiaohezui) in Lake Dongting and streamflow of Sankou, Sishui, Chenglingji, Yichang, Luoshan stations were col-
lected to study the temporal and spatial variations of water level in Lake Dongting. Both water level and streamflow data are daily
observation from 1985-2014. Water level of the lake was calculated by Thiessen Polygon. Wavelet analysis, cluster analysis and
geostatistics were used to reveal temporal and spatial variations of water level in Lake Dongting. Results indicate that the water level
shows typical seasonal features, and its annual fluctuation has multiscale of 28 a and 22 a in Lake Dongting. There are two clusters
of the spatial distribution pattern in Lake Dongting, one is Xiaohezui, Nanzui, Yangliutan ( Group 1), and another is Chenglingji,

Lujiao, Yingtian ( Group 2). The magnitude of spatial autocorrelation in different periods is wet season > retreating season > rising
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season > dry season. The driving factors of temporal and spatial variation of water level in Lake Dongting were revealed by multiple
stepwise regression model among two kinds of water level and runoff in four seasons. The hydrological regime alteration in Yangtze
River is the main factor for Group 1. In different seasons, the driving factors of Group 2 are different, including the discharge of lake
and the hydrological regime of Yangtze River. The difference is mainly caused by the relationship between Lake Dongting and Yan-
gtze River as well as the flooded and exposed bottomlands in different seasons. The study is essential for protecting the ecosystem of
Lake Dongting and reasonably regulation, management and utilization the water resources.

Keywords: Temporal and spatial variations of water level; driving factors; wavelet analysis; cluster analysis; geostatistics; step-

wise regression model ; Lake Dongting

WA KA BT K SCIR DL — IR AR N 2 A A AL 32 B KO B35 A AR R 1
SR, S ITAR R H RS SR A SR S A AR R AR L W K e USSP A e v A I KA A
VAR /K AR AR Sy R AN IR WA , K Sk 2 BAr B i 35 PEFNAR PR AR (LR AE. A1 ARIRZS TR /K A
RN 0 A R, ok A R T A S R G R I e M G Y e, T A S R X K S
ZPFBO2E 5 WA KL AR 25 5] 23 A A% Jr 1 7 A1 22 B e B

R 2 WAL T 52 2= ) “ YT~ -2 FR e, Je 5 A VBI85 T, VW K A A X R K B
VAT A K AR RS K PRAE S K AR S A 7 A T — RGNS IR 2 (T o I JEE 380 7K 195 2 AR B A A
SIS T RRA AT KA A S N A 2 AR X K S B o o A TR T TZ 1A
AITEFE. sy A R s [ (R BB 1 I 90380 DX K K Rt KRR [l 02 3% (i 2 75
R, W A5 8 AR A /K 3 R 7R T = PR B 7K X 19 45 7K 388 532 e LA ) J 4 45 1)
SERTE B AU R R, AR PSS AR R LA, TR ) K AR T A R R A 2 PR LA, AR K ST Y
I 23 AR R AN 58 4 A [

FURI, BRI 2 3 K A AEAS R 7K S L B [ 7K S5l g 228 28 AL R AE 1 BIF 5 A 2880, MK 6 &R I
7RSI A 2 AR RHAIE ) Bl P BT AT Fp it — AP TR AESE , BF 58 T+ Bt 3 SR AR I IR | [ fir
FHR RO RIS PRI A SCLATR EE I KRR ATT T 42, 3220 3 e T2 IR R AT 53 1 J 81 7K o2 7E A [+
IR BRI 2 AR R B ISy PR EE DT Ay S 2 il A DR JE 380 7K A ) P 2 7 S AR PR 2 A B

1 MR ER®

1.1 HiER

K SCHCHR VAR 51 22 A 20K SCK VeV R S0, R W B L 25 10 B
FANE /NRTIE 6 > S BR ALl K AL (SRR A BE 18T ) , A VL T i B S ol R Ll i DA R =0 (R
IRV R, Xk 08 K St 43 3 SRy R L TR B S RS B RS SR ) B B IOk (R B
IR UETT JEK X6 REK SC 43 50 Rl Bk Vol BR VR E A 1T 3k ) A AT R RN B AL A T A, KA A
T 1985— 2014 4R35 H A, TS 05 60T =K RN e, R LA S e = e 11y P g 5 MR L ol 82 R
JRE ) E I U 9, T LA A YT Y B G IR R ) T R, 2 DK Sl 1 e A 24 T () 4 S R
JEMIKAL B BAL O AN, 2 T SE IR AR5 H A 57— 2K A8 3 7 A7 50 22 A KA 38 7K 7 B9 B AR S (AR
I BE WKL 14 R B | ASRIF S 3 o0 A T 2 R 22 30 TV SR 1+ B ) /K oz I e 180 ) 520 SR K R e & 7K Sl
SNl 1 R,
1.2 HRFZE
L2.1 AN /NI TR TR ISR AR o M i —Fh 5 vk B 2 2 B Thae , Tz M E SR
K SCEEZE A 1] P 81 1) JEL SO PR A A 7 1> L 3300 7 A7 B i T80 25 £ 1 S D8 2 e 22 o PR 3 )
2R BT ESARTRT S, IS T Z IR RAED | 81/ W B b 48 7 T B I8 7K 37 31 11
JRAMERRAE. /)N I oR B0 BLA 2 3 1 EL R A8 I 0 el 3 2 — S ek B, W T 09 JE /N I BB 8CR Haar
Daubechies ,Mexican hat ,Morlet ,Meyer A X LR BUK SCHFSE o R Morlet 2258 /N PRER.

o(t) = 67% celmt (D



976 J. Lake Sci. (#ia#H3) ,2017,29(4)

Aot 0 WU,

XTI f(x) e LP(R) IS NI -

Lot —(t=b
Wiab) = Lol [ roe("" ) )

S W) /N R 0 R | SEBOSBRAE ;b IS SOBREBARE : (1) Hep (1) 9
SHEH

N 2 R T K A LAY 59, LB R R 8 1 T LU Bl L AN
R

var(a) = [ W Ca,b) Py (3)

30°

29° A

Ak
i
S mn
28° 0 25 km N
: P
112° 113°

P 1 IR s 7
Fig.1 The location of Lake Dongting
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Fig.2 Monthly water level variations of Lake Dongting and six gauging stations
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Fig.3 Real part time-frequently distribution from Morlet wavelet transform coefficients of

annual water level of Lake Dongting
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Fig.4 Wavelet variance(a) and real part transform in 28 and 22 a main period(b) of
annual water level of Lake Dongting
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Tab.1 Statistical indicators of water level among six stations

IKICZET e KME/m #%/IME/m A/ m FriEZE/m i 0353
A K ) 28.79 21.45 25.55 3.30 -0.12 -1.79
K 30.08 24.93 27.86 2.19 -0.20 -1.59
FKkH 31.65 29.05 30.26 1.06 0.21 -1.51
SEY) @] 29.46 24.83 27.13 2.14 0.05 -1.85
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Tab.2 The parameters of Gaussian model during different periods

KA Co/ (x107%) Co+C/(x107%) BREA Cy/C/(X1073)  RSS/(x107°) R?
K 1.00 2.10 1.77 0.48 1.94 0.98
koK 1.00 0.93 2.19 1.08 0.21 0.98
FkH 1.00 0.62 4.33 1.61 0.03 0.94

FEY/ @ ] 1.00 2.00 3.09 0.50 0.35 0.99




980 J. Lake Sci. (#ia#H3) ,2017,29(4)

1] 0 PR IS VI LK o BBk R bk % 8 1) K 32 K VT TR A R e L I LA S I 1A
HYPE— ) 1 SRV B R AR K T BR AR | T AR TI6) 2 380 5 i 1) o I8 2 3 o T s ol e T 32 4 7K ) 3 3
ARXT LIS, A AT /K AL T 7 1) S0 — T AE 2 21 T 3] J 80 2R ¥ X sl , BT LA B L R A R P A5 i)
A BRI, Bl IR A BG N , A VA 5 e 2R 7 1 53 , DRI 57 2 ) e 3890 i 408 ) BB #40 /F i ) J2 3800
R LR T s AR BLEE . VL = B 43I 48 R PE A TR A, 0 A VI K HE A B R i e v
SO 2R TR R 7, S 2 A A VG T 0 R 3 ) S A DXt N T R,
BHOK IBR R B2 AR/ NI IE e P A IR AE S 8] H 2R —38. il TR BE I K 4o 1) F A A8 Ak 32 B T AN
“POK” ZEAT PR K B2, HAE A /K SO B AR WAL T 3h A8k = b TEAGAKIYT, IAIA 2K T - 25 4, N
WESE A2 i, 25 W X 2 TR S/ T T AH 10 , 7K T 086 22 2 2B RELIATT , DRI TS B804 /K 82 3l 7K o2 78 25 18] B R B
EER )W B = A e ARG B T S € VA7 3t ) ) T 7 N - T TR N N v @2 I RS P T TE B2/
K7 BB, & F WA B R A — R4 — I, WA K LR, &80 DX =22 (14 7K T 3%
FNGR BT LATE KB AR L /KA TR 10 25 TRV AE D P iR FEB KIS TR K AL iy K R I 248 T
W2 R T B, K TR R MR 80, 2% /K S 3t =22 8] ) 7K 7B R A =2 0 55 , 1 2 i /K 3k B e 38 T LA, & 7K AL
Sl KA AR K I AR A 7K 7 86 2R 58 T 35 K, (RS TR K0, 2 ki 3900 R SR 7K 30 B TR 18 A 23 [T B AL 4
F AT HTEE A SR 7K A ARG K 1 =22 ).

2.3 SEAEMKMN R T HENEI R RS
2.3.1 B EAEA A FERA R VAR A 5 IR A AS Ak BB G, TR KA Ak 57
WK R SR R UV R, VA E AR TR /K SO 4 (e 37 G R LA 22 Sk BRI WA 7K A7 B 25 4
SR B IS B AL IE ST, 4 ST PRIOK AL (W) FEARTRDK SCE T 5 KT FRE B g (Ye) (IRl
SR (LS) =17 B AWIFE (SK) UK A (SS) IkBe L Wi i ( CLJ) Z 1819 22 5e [l YA 4
FUAR G JE i3 7K o7 of 25 Y AR R IR 1) - EBR B K 3R . R i e Rk 0k

W=a -+ YC+b » SK+c - SS+d - CLJ+e + LS (6)
K ,a.b c.d e FEEBERIFILE RE

FT T 8 R PR A a1 ek AN [ B 2 I, T LA AR X S R AT 7 AR A b B, AT B %
B R/NFIBANEAS R A 52 . (a1 AR A58 5 R i H A, HAR B JEARYE AIC (Akaike Information Criterion ) #E
02 G R AR IR T ¢ AR SRR F ORGS0 14 P2 S ATC Y DU 2 DA E A5 0L 45 O 1 5 R T
REE o i BEALE AT HAEBR N R R R 00 B R G 3 ik 2820 [0 9 ks, AR B 60 5 BT A 28 5 T 0t
BER Z R AR, BB R B BRIZE R Y ALC (8 5554 1k, A TTFE PRI [ 72 5 %50 H Y [8] ik 2 e e )
A EE FET LA T DU Xl B AN (R 7K SRS 4 T 28K A 43 Sl A T2 28 L H 3B A 45 SR AN 3R 3 BR.

3 MSIRAL L [l )3 45

Tab.3 The results of stepwise regression model of water level of two groups

Groupl Group2
ik koK Fok i Bk ik koK FoR Bk

a 0.15™ - - -0.19" 0.04* - 0.14* -

b - 0.23 ™ 0.24 ™ 0.57 -0.15™ -0.05" -0.21" -0.14 ™

c 0.17* 0.12™ 0.19 ™ 0.39 ™ - 0.03" -0.04™ -

d - 0.41 ™ 0.31™ 0.52™ 0.14 ™ 0.22™ 0.10" -

e 0.65 ™" 0.28" 0.49 - 0.87 " 0.81 ™ 0.99 =~ 1.10™
R? 0.70 0.91 0.94 0.91 0.97 0.99 0.97 0.98
RSE 0.55 0.30 0.24 0.31 0.18 0.11 0.18 0.14

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

# F7R 0.05 B FMEAKOE ;w0 FIR 0.01 WETEKF; s FIR 0.001 B EMIKFE; —FoRB A [T A 45 5t b 5 A8 B 5.
FE R B RIS T TR R BCER I AT T 0.05 53 MK, B R A it
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Fig.6 Comparison of measured and simulated water level of two groups in 2014
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