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Abstract. The ecological water level process of lakes is of great significance for maintaining the integrity of the lake ecosystem
structures, processes and functions, and is also an important scientific issue of lake science field nowadays. Based on the daily wa-
ter level data, pettitt test was used to analyze the abrupt change characteristics of water level of Lake Caizi at Chefuling Station from
1956-2018. The low water level of Lake Caizi at Chefuling Station was obtained using the annual guaranteed frequency method.
The starting time and duration of low water level, the water level change rate during the overwintering period of migratory birds and
the interval threshold of ecological water level were analyzed accordingly. The main conclusions are as follows: there is no signifi-
cant abrupt change point in the average annual water level of Lake Caizi at Chefuling Station from 1956 to 2018. The average occur-
rence time of low water level of Lake Caizi at Chefuling Stations is day 344, with the inter-annual standard deviation 27 days. The
average duration time of annual low water level is 69 days with the standard deviation 49 days. Among the calculated 63 years,
there are 6 years (1978, 1997, 2015-2018) without low water level event. The average rate of water level change during the over-
wintering period of migratory birds is =0.009 m/d, the annual average rate is —=0.034-0.009 m/d, and the daily average rate is
—0.051-0.016 m/d. The interval threshold of the occurrence of low water level of Lake Caizi is 332-351 d, the interval threshold
of the duration time is 33-98 d, and the interval threshold of water level change rate is =0.070—0.020 m/d. Strengthening experi-

mental study on habitat adaptation and ecological environment monitoring during the overwintering period of migratory birds to pro-
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vide scientific basis for water level regulation and wetland protection of the Lake Caizi.

Keywords: Lake Caizi; low water level; threshold; optimized regulation
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Fig.1 Daily water levels of Chefuling Station in Lake Caizi during 1956-2018
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Fig.2 Statistics of the monthly average water level of Chefuling Station in Lake Caizi during 1956-2018
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1956-2018 during the overwintering period

HH KA A5 Ak 38 % 174 X 8] [ 4 —0.070~ 0.020 m/d.

4 i
IR K SO S ) F2 B A A , 2 L e o) 2 50 Wy T D M/ 2 R B 44 I R AN B A

B78 05 e (1 I8 N VA ey VA A =Ua S o <8 M 1 B 3 (1WA o S VAN /(WP A T e 311
IRASEFY e AT Y B i) R ] LA R A el 3 A b e T K S8 A Py R R L R, e S A
A5 RGRGEHY AR AN R B AR O B A A5 K A e R S 24 I b A T s 4 R R 2 L
SSRGS (LIRSS K SRR AN D RE SR A ) Y AR

“HIVTHUE” TR LA R0 K W R B TR, 0 e T R 22 A is A7 R4 9 TR 25 8 Ll k.
“BIVIHOE” TRUEATIR , MUK AR 2030 ,2040 4F32 T W6 5 #4101 (11 H —WR4E 3 1) AKAB2 40545 7.5 m
8.1 m i (85 HER L) B RARAMINE T T WMEAK B LA BT TE, 1 I — 5 B L B3 T
TE I B0 2 7 3 v T KA 345 P KA 78 P A , o 4 1 0t 7 5 A 7 V38 6 0 B A 5 ) o 8 R &
155 15 G SR8 A F ) W U AT R P 7 A R A L A KT R P A BOR 1 5 T, < S IO T AR
BEVHBY B, 25 ST B S TR AL R A 8B AT BB AR, {E G ] 4 T MU T RRAK A5 AR S AR
IS F VAT AR S0 T WA 25 R G I R AN D BRI SE e 52 B VT3 S 30 750 s 0 ekl /K T
TR T M . I AR 25 RGeS F RIS R B S e P A R, S VT e TR 47 400 ) 3 T 0 7 4
W K 7 AR AR (P T3 T 45 5 18 K r 3 2015— 2018 4F 4L 4 AR ok & A IRk for S5, T ALk =
B WUBCHE RIS RS2 I T RRB AT 5 35T W10 15 A 391 7K 37 450 TR SR K A7 17 38 B 2K 437 {14 T I X 4
03 T A B AR T IS B B A ST b A B TR AP A A0 B K 6 A A ER B W, F 53
T A B TR KRR, RIS (] 235k SR RV RE T 5 A 10 1 7 S5 s X K AL P I 7 5 2R 4
FRAR KA B T 0T 370 4108 5 33 P 0 o A0 /K I o TR 5tk 60 20 A A% Jms B S LRI , 3 45 30938
TR AT 350 A B AP RO S g, v SRR TR I A At € K B B L .

5 #hit

AR pettitt 28 KR 3 81 1956 2018 4F 094 SR (LIE 9 s, FIHIAE (RT3 H 513
UM, 5 T2 50 50125 S I (RVA) MBI R 2 2 D K 522 f
SN 0 KR FRAR R . LRSI

) ST WE UK (3K 1956 — 2018 44 Bk R0 B 278, MR AEIHIRDIAR 5000 6 B e K (o
AKRL—TFR T 11 12 1 AR (L T A 344 d AFBRIGK BRI T il 220 27 d, o



1668 J. Lake Sci.(#38#3) ,2019,31(6)

A 6 AFR B AR . MIKBLTI AR R AR AR T 69 d, Js st b AR D i e KB R 167 d,
BR/AMER O d, bRiEZEA 49 d. ST 5 5 B A 01K (0728 A T 4 (1 2401 24— 0.009 m/d, {ELK 37 A8 A 3 AF A
—E A R BR B0 o 15 B 2 ) 7 07 728 1 3 R 4F 3 {0 - 0.034 ~ 0.009 m/d, H 2{# 2 -0.051 ~0.016
m/d.

2) 3T WK R A= I TR EAR N B 332~351 d 22 (0], e oy 33~ 98 d, XA AR 25 R G454 G e Fn g
REAN 2 ARG, S 11 H —IAF 3 7 KL s R 4 H57E-0.070 ~ 0.020 m/d, X 2 425 & 5 A7
AR AR B A H 2R L

3) SR AR A ASE ELAR T 6T 340k 5 0 TR A 35 M o M A /I I R R S A 3 A1 A% S )2 R 5,
b TR A 2 BRI W I 50 o S K A7 Bk — 2D AR A U JEE SR AR A A

6 &% i

[ 1] YaoX, Yang GS, Wang RR. Impact of water level change on wetland vegetation of rivers and lakes. J Lake Sci, 2014, 26
(6) : 813-821. DOI:10.18307/2014.0601.[ Bk#%, Aokl Jo2@5%%. KA XA 51T M A B A 52 mm. B3
B2, 2014, 26(6) : 813-821.]

[ 2] GanF, Tang L, Guo HC et al. New method and application of estimating ecological water level of the Lake Poyang. J Lake
Sci, 2015, 27(5) ; 783-790. DOI;10.18307/2015.0504. [ ¥xiés, FEHE, ZRMRLEE. WITA A A KA 0 0 2 45 1% .
AR, 2015, 27(5) ; 783-790. ]

[ 3] ChenY, Guan YQ, Miao JZ et al. Determination of the ecological water-level and assuring degree in the Lake Gaoyou,
northern Jiangsu with long-term hydrological alteration. J Lake Sci, 2017, 29(2) . 398-408. DOI 10.18307/2017.0216.
(BRI, AR, Bdrh &, T4 K SO A i J L e S 38 A 5 K 7 B DR B A B AR 2%, 2017, 29(2) .
398-408. ]

[ 4] Hellsten S, Riihimaki J. Effects of lake water level regulation on the dynamics of littoral vegetation in northern Finland.
Hydrobiologia, 1996, 340(1/2/3) . 85-92.

[ 5] Sherman DE, Kroll RW, Engle TL. Flora of a diked and an undiked southwestern Lake Erie wetland. Ohio Journal of Sci-
ence, 1996, 96(1) : 4-8.

[ 6] Holm TE, Clausen P. Effects of water level management on autumn staging waterbird and macrophyte diversity in three
Danish coastal lagoons. Biodiversity and Conservation, 2006, 15(14) . 4399-4423.

[ 7] Wantzen KM, Rothhaupt KO, Mortl M et al. Ecological effects of water-level fluctuations in lakes: an urgent issue. Hydro-
biologia, 2008, 613; 1-4.

[ 8] HuZP, Ge G, Liu CL et al. Structure of Poyang Lake wetland plants ecosystem and influence of lake water level for the
structure. Resources and Environment in the Yangtze Basin, 2010, 19(6) : 597-605. [ SHARME, SWI, X mipREE. %6 HI
U AR ) A A5 RGeS0 B WK AL x HS i o VLR IR 5 #1458, 2010, 19(6) = 597-605. ]

[ 9] CuiBS, Zhao X, Yang ZF et al. Eco-hydrology-based calculation of the minimum ecological water requirement for lakes.
Acta Ecologica Sinica, 2005, 25(7) : 1788-1795. [ 4R 1L, BXM, #paiide. T Az 250K 307 JEUL 0 W i/ DA 2
IR AEZSAR, 2005, 25(7) ; 1788-1795. ]

[10] Li XH, Song YD, Zhang FD et al. The calculation of lowest ecological water level of Lake Bosten. J Lake Sci, 2007, 19
(2): 177-181. DOI; 10.18307/2007.0211. [ ZE4i s, KHBA , SAv 7. AT I WA AR A0G 2 25 K (o 10, 0 ap b2
2007, 19(2) . 177-181.]

[11] TLiang J, Peng YR, Guo SL et al. Determination of ecological water-level in the eastern lake Dongting with hydrological al-
terations. J Lake Sei, 2013, 25(3) : 330-334. DOI.:10.18307/2013.0303.[ 34, iZthth, 504255, T /K U R
ZRI BE W A A K ALATT S WIIAAR:, 2013, 25(3) : 330-334. ]

[12] Li XH, Song YD, Li YT et al. Calculation methods of lowest ecological water level of lake. Aria Land Geography, 2007,
30(4): 526-530.[ 2552, RABAR, ZRmI0AF. A mARAE AR AR ke, TR X, 2007, 30(4) : 526-
530. ]

[13] HeJ, Xia ZQ, Huang F et al. Lake ecological water level calculation based on wet, normal and dry years. Water Resources
and Power, 2017, 35(5) : 33-36. [ %4, B HM, 8IS, ST 3 PR MWIA A SR AT, KRR,
2017, 35(5) : 33-36. ]



%) 3 S TR ) B KA IR 09 KT T R TR B AR A KA A AR 1669

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Zhao X, Cui BS, Yang ZF. A study of the lowest ecological water level of Baiyangdian Lake. Acta Ecologica Sinica, 2005,
25(5): 1033-1040. [, #EGR I, Al FPEERRAE SR ALRFAY. A4k, 2005, 25(5) : 1033-1040. ]
Hu CM, Narengerile, You L. Study of ecological water levels of Bosten Lake for wate quality management. Acta Ecologica
Sinica, 2019, 39(2) ; 748-755. [ §AFH], WB{A% H 4k, JCL. FETOKBTE L H AR 0 T 61 46 K LT, AR S
24, 2019, 39(2) . 748-755. ]

Wang XY, Jiang B, Tian ZF et al. Impact of water level changes in Lake Caizi ( Anhui province) on main wetland types
and wintering bird habitat during wintering period. J Lake Sci, 2018, 30(6) . 1636-1645. DOI. 10.18307/2018.0615.
[ EWelE, WL, HEMmS. LFRLHEETWIR AR 32 20 28 A0 K 245 B AR S i S . A R4, 2018, 30
(6): 1636-1645.]

Zhou X, Zhao YS, Liang WG. Modeling of water level and submersion or emersion in Poyang Lake wetland. Geographical
Research, 2009, 28(6) : 1722-1730. [ A%, MXUCF, F230)™. 8 FH I 7K 7 55 YWl 5 A0 TR0 Ay 2. b LB 5
2009, 28(6) . 1722-1730.]

Xia SX, Yu XB, Fan N. The wintering habitats of migrant birds and their relationship with water level in Poyang Lake,
China. Resources Science, 2010, 32(11) : 2072-2078. [ /085, T, JEIB. 5 FH W8 4 2= 0ot 5 9 5 b i A5 7K
PAS AR SE 2. WIRRRA4, 2010, 32(11) ; 2072-2078. ]

Liu CL, Tan YJ, Lin LS et al. The wetland water level process and habitat of migratory birds in Lake Poyang. J Lake Sct,
2011, 23(1): 129-135. DOI: 10.18307/2011.0119. [ X pik, EfALEF, ARIBCEEAE. 0 IH WA AL AR AR foe S A0 B 3 1Y
SR, WIARLE, 2011, 23(1) : 129-135.]

Hu ZP. The habitat characteristics of White Cranes to live through the winter in Poyang Lake and the recreation for water
level changing in the lake. Jiangxi Science, 2012, 30( 1) ; 30-35, 120. [ #I4RME. F1 %87 B FH W88 A A 385 45 K LX)
WKL ALRIA B YIRS, 2012, 30(1) : 30-35, 120.]

Qi SH, Zhang QM, Jiang F et al. Study on the effects on the landscape spatial pattern of the wintering birds’ habitat from
lake level in Poyang Lake wetland. Journal of Natural Resources, 2014, 29(8) : 1345-1355. [ FFik4E, sk, yLF4¢F.
IKASE % 38 P 10 M A 06 5 AR B S WA R RS LT 9. SRR TRZA3I, 2014, 29(8) « 1345-1355. ]

Chen B, Cui P, Liu GH ez al. Relationships between changing water levels and numbers of wintering tuber-eating birds in
Poyang Lake National Nature Reserve. J Lake Sci, 2014, 26(2) ; 243-252. DOI; 10.18307/2014.0211. [ vk, £ M,
XA, BB W) FE 2 P A AR PRI DX 28 S 2RI SR 2 Y G R WAL, 2014, 26(2) » 243-252. ]
Richter BD, Baumgartner JV, Powell J et al. A method for assessing hydrologic alteration within ecosystems. Conservation
Biology, 1996, 10(4) . 1163-1174.

Richter BD, Baumgartner JV, Wigington R et al. How much water does a river need? Freshwater Biology, 1997, 37.
231-249.

Richter BD, Baumgartner JV, Baun DP et al. A spatial assessment of hydrologic alteration within a river network. Regula-
ted Rivers: Research & Managment, 1998, 14. 329-340.

Zhang Q, Li JK', Chen XH et al. Evaluation of the ecological instream flow in the Yellow River basin with the hydrological
alterations. Acta Ecologic Sinica, 2011, 31(7) ; 4826-4834. [ k5, 2648, BRRZZSE. KU 5N 1 ) i ik 24
Pt AR, 2011, 31(7) ; 4826-4834.]

Liu GH, Zhu JX, Xiong MY ez al. Assessment of hydrological regime alteration and ecological flow at meigang station of xi-
jiang river. Journal of China Hydrology, 2016, 36( 1) . 51-57. [ XH4E, RUETE, REANHESE. JLTASShE Fl: (RVA)
HE VLK SCAE B AR ST A SE. K 3L, 2016, 36(1) ; 51-57.]

Dai W, Lv DQ, Wang JF et al. Analysis of hydrological regime variation in three outlets of Jingjiang river after the im-
poundment of three gorges reservoir. Water Power, 2017, 43(8) . 26-30. [ {UFa, BT, T4 &, =WokKEBTX
FVE = K SCEHAR Se R E 0Hr. K %/, 2017, 43(8) : 26-30. ]

Pettitt AN. A Non-parametric Approach to the Change-Point Problem. Applied Statistics, 1979, 28(2) . 126-135.

Moraes JM, Pellegrino GQ, Ballester MV et al. Trends in Hydrological Parameters of a Sourthern Brazilian Watershed and
its Relation to Human Induced Changes. Water Resources Management, 1998, 12 295-311.

Gao P, Mu XM, Wang F et al. Changes in streamflow and sediment discharge and the response to human activities in the

middle reaches of the Yellow River. Hydrology and Earth System Science, 2011, 15 1-10.





