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Abstract: To elucidate the hydrological evolution patterns of Lake Taihu, this study utilized compiled hydrological
data from 1986-2024, with inflow/outflow volumes and water retention time as key indicators. Mann-Kendall trend
tests and other statistical methods were applied to analyze trend and periodic characteristics, identify abrupt change
points, and explore driving factors. The results show that: (1) Both inflow and outflow have exhibited a significant
upward trend and underwent an abrupt change in 2007, with main cycles of 23-25 years, 14 years, and 9 years. (2)
Spatially, the spatial structure of inflow has been reconstructed. Inflow and its proportion in the western part of the
lake (Huxi area) have shown a significant upward trend, while inflow in the western Zhejiang area (Zhexi area) has
slightly increased. Inflow from the Yangtze River to Lake Taihu has risen to the third place. Inflow in the

Wuchengxiyu area and the Hangjiahu area decreased sharply in 2009 and 2004, respectively. In terms of outflow,
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the Wanyu River, Zhexi area, and Hangjiahu area have exhibited a significant upward trend. (3) Water retention
time showed a significant decreasing trend with a synchronous abrupt change in 2007, dropping from 227 days
annually before the change to 195 days; when accounting for peripheral water withdrawal, it decreased more
sharply from 226 days to 172 days. After the 2007 abrupt change, water withdrawal caused an average reduction
of 23 days in water retention time. Further analysis revealed that watershed precipitation was the primary driver in
the early period (1986-2006), but after the 2007 change, engineering regulation significantly altered the inflow
mechanisms in the Huxi, Zhexi, and Wucheng-Xiyu areas. Consequently, total lake perimeter inflow (a combination
of rainfall-runoff and artificial regulation) replaced precipitation as the dominant driving factor of water retention
time.

Keywords: Inflow and Outflow; Retention time; Mann-Kendall Trend analysis; Mutation test; Continuous wavelet analysis
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Fig.1 Tour gauging line surrounding Lake Taihu in 2024
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Tab.1 Components of tour gauging line surrounding lake Taihu in 2024

KF X s T ER /i BESuh rx # it % A #A
1 (DR KD 119°54'40" 31°00'09" K
AT X 2 MR IBL, 120°01'38" 30°53'15" BEILE
3 Ly il 120°04'41" 30°52'00" BE
4 HAtuE 120°06'00" 30°52'45" i
5 Kk, 120°10'49" 30°5520" R
6 Epebi] 120°13'11" 30°55'40" %
7 %] % L 120°14'42" 30°55'13" %%
ME#HX
8 BRIk 120°17'57" 30°55'51" %
9 pE 120°2020" 30°56'30" h%
10 A% ER Eikgri] 120°27'33" 30°5943" K&
11 eSSl 120°29'37" 31°0027" WE RS
b DT 12 b 120°30'18" 31°0037" bz )
13 BB ER BXHARNG 120°36'38" 31°05'44" KEH
14 A JIGE A 120°39'21" 31°11'59" P
FREEIX
15 BILRAHER BILRu, 120°28'46" 31°13'59" (pal
16 SR B EEEnlahe) 120°21'13" 31°18'01" I
B 17 B (IR 120°25'19" 31°26'59" BER
18 JEH N B
19 R EHE 120°13'18" 31°32'06" R EH
20 =EL 120°14'31" 31°33'01" ZET
REGEX 21 tSHhiE G 120°13'19" 31°32'56" AR
22 EEE S 120°07'19" 31°30'35" B
23 Rt AR 120°06'51" 31°30'12" Rts
24 HE G 120°05'17" 31°2821" Vi:3veapeid
25 BEO 120°02'13" 31°29'09" KIRIZ T
26 TR TEREE 120°00'30" 31°27'12" BRATHE
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27 WRENFR ASH A GRS 119°55'40" 31°1923" WRAE
28 KA G 119°53'51" 31°1123" KA
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Fig.2 Variation of annual inflow of Lake Taihu and the different zones
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Fig.3 Variation of annual outflow of Lake Taihu and the different zones
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Tab.2 Results of inflow and outflow variation from 1986 to 2024 measured with TFPW-MK method
TiH WX BRI K FHVE S X ) HEHEX WX K

Nt pfl 0.303 0.393 0.262 0218 0.227 0.018 0.019 0.033
z Git 1.031 -0.855 -1.122 1.232 1.207 2.364 2.338 2.137
R 0.1313 -0.1925 0.0000 0.0570 0.1894 -0.3147 1.826 1.746
th p A 0.258 0.035 0.365 0.563 0.044 0.782 0.039 0.035
7 it & 1.132 2.112 0.905 0.578 2.012 0.277 2.062 2.112
R 0.1523 0.2271 03152 0.0926 0.1982 -0.0263 -0.0269  0.9689
N pf&E 0.209 0.530 / 0.167 0.315 0.025 0.014
&tk o
Z G E -1.257 -0.629 / 1.383 1.006 2.238 2.464
FRRE -0.002 -0.004 / 0.000 0.002 -0.005 0.009
i pia 0.744 0.436 0.497 0.131 0.042 0.880 /
&tk o
Z Gt E 0.327 0.780 0.679 -1.509 2.037 -0.151 /
FRRE 0.000 0.001 0.001 -0.001 0.002 -0.001 /
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Tab.3 Mutation of inflow and outflow variation from 1986 to 2024
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B KR4 XN K B TR A T B AE 2001~2009 4F. SFHUMKE, Kl RAER A 1997 4512014
(e . WEKIT . DAL, B 1997 £ (asiEr. WEPKE. A1) fl2014 4
(BMEKGT), #ifEX 1999 4 (HMEKE. S8k, FiEmiX 2006 4 GBI WEKT. H67E

1), BHEVENNX 2007 4F GEAFEAT. BMEKIT. A0, BSEEIX N 1993 4 Gadyr. HHEK
i) 12006 4 (BEERIT ). H/KE AR 3 BAE R BN 1997~1999 4. 2006~2007 4. 2013~2014 4,

g b, WP DORIAT S X W ) 32 RIS K B S 4 T K&, TR E R 5 KR 4
X LE AR Z N

2013 45 RANEH, H AT 2007 FERABEN . NE 4 WTLLEH, NBIEUKERIN 34.99 14 m’.
WX R K, N 37.57 14 m?, @il TaigE, WX NHIKE S 46.7% KIESRTFZ 65.0%. #ivh
XK E (55512 m®) frfEEE—, BEAHEK, (Ha G TR 2.3%. BEERAWKE BN G 5.24
2 m®, S 2.8%FHEE 6.4%. skl X 5 a8 B N /K & RIR D, JEE 7 h 6.42 12 m*Fi 8.11
& m?e HIEKEIEIN 19.08 12 m?. HIFMIX HEIKEGE (6.61 12 m®) AT S (34.6%) &
HAFESXE 1.94-3.43 14 m?, a5 10.2%-18.0%.

R 4 PRI K B T AR i L BT
Tab.4 Comparative Analysis of Mutation in Inflow and Outflow from 1986 to 2024
5] FH ¥ E HiE

Wivh X p N T ] T X R
X X BEIX
N 1986-2006 18.93 10.11 0.09 0.89 2.23 10.90 37.80 80.94
zm®  2007-2024 24.48 3.69 0.00 2.14 747 2.79 75.37 115.93
e 5.55 -6.42 -0.09 1.25 5.24 8.11 37.57 34.99
R 15.9% -18.4% -0.3% 3.6% 15.0% 23.2% 107.4%
RN 1986-2006 9.78 13.03 30.67 20.27 7.85 6.21 1.16 88.98
(zm®  2007-2024 11.87 19.64 32.86 23.69 11.29 8.15 0.56 108.06
T 2.08 6.61 2.20 3.42 3.43 1.94 -0.60 19.08
HE b 10.9% 34.6% 11.5% 17.9% 18.0% 10.2% 3.1%
NI 1986-2006 23.4% 12.5% 0.1% 1.1% 2.8% 13.5% 46.7%
2007-2024 21.1% 3.2% 0.0% 1.8% 6.4% 2.4% 65.0%
WL 1986-2006 11.0% 14.6% 34.5% 22.8% 8.8% 7.0% 13%
2007-2024 11.0% 18.2% 30.4% 21.9% 10.4% 7.5% 0.5%
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BiRG . M HEKEFS], FRE2IHEMZERRE R R T EE (B 4), 570104 25a. 6a.
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Fig.4 The contour of continuous wavelet coefficients (left: a, ¢) and variance (right: b, d) for lake inflow and outflow

2.2 #®IKEER

2,21 BB T RMIFAIKALE 1986 LSRR B3 FIHES (p<0.05), FIIHIE 0.006 m (& 5 fik
5). REAEKE LI, RHBTHB/KEAPE LI, kB2 RE TRER (p<0.05), FkE
g 1.59d, Z4-PRHKER 213 do 2MHEIEAKG, HKEH NRERRE, FHRIEE 2.57d, £
FEPEIMER 201d. WEAE ST ORWIHK A R R S 3 E 2 5, R0 IRE) R 3 A FRM IR 7K &K
SCOGFRII RSN T-T5o - FRTHUR 7K 8 T-EeT 3 A A 00, 808 38 i R K A A A AR B . A
BRI K S, H I KA L PR S B AL ANV G i B T PRI K I St NS
13.34 12 m® HPAESNEUKEEE, 6 B R AL MK E .

F 5 EHPRAL. BRI TFPW-MK #5450
Tab.5 Results of water level and Retention time from 1986 to 2024 measured with TFPW-MK method

i H pfE z BitE HAEE
EHIKAL 0.013 2.489 0.0064
17 e — 4K B 4 0.019 2338 -1.593

17 5t 4K 4 0.005 -2.816 2.571
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Fig.5 Variation of water level and Retention time

2.2.2 RESH 1986 FELSKKMFEIIKALTE 2007 FERAERE Gathstdr, BEKT. AT, R
— K SRR 2007 4 GOMERRIT) 2014 4 EBRT RSB, RAFEMN 5 H K
BOAREMEAR G R S HOKERAEA N 2007 4 GARRET . BEIKE. 0621k, FRIH
KEMNFESNFKEUGE, RABEM 2013 FHUTET .
LL 2007 £E 45, AR HARFIKAIATLE, “F3 BT 0.15m. ANEREIRBIEUHK, 55—k 8 T %
32d; FBIEHWAHAKSGE, s S HoKERIET K2 54 K.
3 6 LERYREL RO WA KT

Tab.6 Mutation of water level and Retention time

Wl tRE(5-10  Pettitt AT 1986- 2007-
WA MK F56 RAFE
) oA P 2006 2024
SR8 KA 2008 2007,2011 2007 2007 2007 3.17 3.32
i K A 1 2014 2007,2014 / 2007,2013 2007,2014 227 195
1 5 oK E 2010 2007,2014 2007 2007 2007 226 172

K Shapiro-Wilk #6536 IS FEAS t #6856 /#7948 /T 5 2 5% (K 7). & Levene MR HIN T ZAF /G,
KA Welch f&R1E t 46, TR EH, 1B 5 —HoKEIRAERT (1986-2006 45D WIMEN 227.3 d, FrilEZERN
405d , MEBEMESTRAFERY (2007-2024 £) 11955 d 1 249d , “FHZEMEN31.8 d. HER
WK, 155 oK R IE R 220 0 W RAZ|T (1986-2006 4F) ) 225.6d Fl 39.4d FFEZE 1724
dfi21.5d, FFES32 K

T Levene #36F HEIE /7 ZATF (F=7.450,P=0.010), KM EATEIE] Cohen's d AT H
Mg, RN 0.9, RN 1.7, 1R Cohen MHEN], BT —AHEW RIMPE, XK 2007 £
K SCRAMUE A G EREN, BB T oK AR AE T L 45
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Tab.7 Group Statistics and Independent Samples Test

A (i) N YE+FRiEZE tfH df pfH PIE Z(H[95%CI]

TER— 20 1-5825 i 21 227.3+40.45
3.003 33.82 0.005 31.83[10.28,53.38]

H 2-% )5 18 195.5+24.91

HHT 4 1-RA5 R 21 225.6+39.43
5.325 31.78 0 53.18[32.83,73.53]

H 2-% 5 18 172.4+21.50

H: N RIIKE, df Bl ClIERGSXHE

2.2.2 BIAEAAE ANB AR B OR, KIIEKALFP SR 14a, 26a P FJAH] . 17— 0K E

PRy L2 AR E R 450, 58— 2N 9a, HREE =, =, WEAHZ 58 14a. 24a. 6a, H

TEFBEWLESL, B = WERBSE - ERBRGAZERN. HEEBAIKE, HoKEur

HIE—F WAL 14a, 55, ZEFISAN 6a. 9a, HXTLLH—FJAW, FIRGREESELT .
IS KAL) RE R AR A £E 2007 SRR ATRAR, K7 Z otk O i 14a BRI A 24a PBL.

T 5 HoK A WIFE 2007 S48 14a M 9a IFRIRET, 4T 0 FELIX; 2014 4£4E 9a IR RUE R AT 0

S 2RI, S K R BALE 2007 4EEL 6a RIEIE Y H I T 45H.
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Fig.6 The continuous wavelet coefficients(left) and variance(right) contour for water level and Retention time



Sl ARSI TEAE AR B — AN 7KL S N L 5 A S KA AT e SE AT A, K ST 2 A AR A (B
KD FNZEZ) OKFI LR SEKE), HE 2007 FIF4h, WP AT RER A T S0 . 3ok 8 1 5
F TR, UHWIKE R RE T, R TR R KRR . 2007 FIXA LR FRALLE, PP R
K SRS — S N KR PR 2 (9a, 14a), UK R 0T AR bR RURE 7K ST
)RR WA K R I, AR S K, R BT BB, KR TR (i
IR AR 2 BB MR B B KR AN B AN PR T AW K R B O L, 15 K A
JIAREE T 1 K A R K 4R 1 2 A

3. g

3.1 K B AT LR BN E FIR A

TN T K B T A A A (AR IR A AT 517K o 51 7K U 8 AR K i A T 3 P A (1 A 1
s KN, RARNIKE R, AR F R M S hl K Ar s Al ZKHHN],  5IKANSIERBR LK .
KW MEIEhAERE, AR LR AR RITHER . MG ITE R TR, 2007 5T, ok E
g bE KM M ZE i T HORAN ISR & o T2 5 /K B 115 20 /K B AE ¢ R 2 i B Ft, Pearson
FHIR R EN-0.747 F+2-0.964, T 5 F/KE IIAH G IR TS, Pearson R -0.850 [#22-0.768. Spearman AH
REBAM R FIRER S . NWIK RS R R KA ¢, (H R AE BT R RIX — 52 N\ L v BE TR (R 7K
H, NWIZKESZ N TSEm AR SR . Z5a ] LU, ORISR 2 1986-2006 4 50 57K i 1 i %
CHRBIHLR], BEK R AT E S AR A TESRETR, & 2007-2024 520 57K 8 1 5% 0 1 HL
il .

2 8 Bk B 5 R K B BRI K R R SR B

Tab.8 Correlation test of Retention time and precipitation. inflow in Taihu basin

EY| e 77 i {5 NG 1835 KA

XTI o 7K 1986-2006(n=21) Pearson -0.850%* -0.848**
Spearman -0.784** -0.799**

2007-2024(n=18) Pearson -0.768%* -0.725%*

Spearman -0.546%* -0.573%*

b2V NTIDNiY S 1986-2006(n=21) Pearson -0.747** -0.751%**
Spearman -0.745%* -0.758%*

2007-2024(n=18) Pearson -0.964** -0.963**

Spearman -0.913%** -0.936**

S OORTE BEMKTFa=0.01 THEXEE, *RTEEEMAKTF-0.05 TEXHEE TR
3. 2K EAHS EENHKE

IR K B B KR o X, B2 XA 25 E IR SCR PR R 1 . %47 X NIH/K AR 38 5 L
1986-2006 FWATE X (46.7%) WivGHIX (23.4%). BRI (2.8%) FHlE RN NI 72.8%, 2007-2024 4F
WITEIX (65.0%) WIFHIX (21.1%). BRI (6.4%) $HIEEAN NBIKEN 92.6%, BEHE X HTKHF
558 1) 00 P s A1) X SR NI, U TRV B K Ak B — 2 A, A REAE AR 26 1F Ao v B 46 A T FF IR
HH 1986-2009 E A 10.43 12 m3BRYEE] 2010-2024 SN 1.907 12 m3; FHIETEWI X IRSR; HiEzidl X i
FEgHE JbHE TR R AWK AL H6 T, NBIKER 2004 4E58735, 1 1986-2004 fEAE ANWIKEN 11.04 12
m?, FEZE 2005-2024 FE NI 3.448 12 ms

MNBKEHRRE, WIPEX . WiviX . BEEW (BIVLHAR) 2T BEPNBIKERIE, HKERE T #t
KR . BT KRG B R HEsE, AERKEN, A TR KR, SR ESHE S, X
A R BPEEARENBI K E LT, RERMEKEMERDTE LT, ERIFRE IR KRR ib
IR BB



Wi XK B2 PR 2 AT Wi XN W1 7K &2 5 B WY AH ¢ R 4 2007 47 )5 KIE R %, Pearson #H
KZH 0.919 %2 0.783, Spearman RELI 0.917 FF2 0.746 (K 9). RFER: “—HIGK HRINER
Pt TR TR, —R4HR TS RHPU KRS —08m, RIS RR LU, T8 3kt
—BURERS), BUEWT X H K E 2 EFHEREAREE (R 2). 1986-2024 FHi 7 X 4 MK E R 5 2 535
BT, PEE R (R HIE R 2265km?) BB BT, (H SRR SR RK I
Sl CRUAARE I THI AR 2268km?) J 1M 52 2 2 N B 3, I U0 WA 420 7R S R 5 T 0E N3l IX 0 /K B 1 22
X — 4510 5 SCHRRS 2600 5t — 5. W0 (X AE BRI A B/ BN K SR AR FE A 5 I I XN T K R R A Ay A
A—F (ED.

4 9 WG X AR S B B S A AT K 06

Tab.9 Trend and mutation test in Zhexi area

TiH Wi X ERKE  KXNOBFEANBKE  BFREHENSKE SRS ENKE
p & 0.033 0.735 0.000 0.514
z Giit i 2.129 0.339 3.968 -0.653
ok 7.558 0.012 0.185 -0.037
RAPLE 2007,2014 2007,2014 2007 2007

WIVE XN K B R R 2R BT 1V X AR K E RS2 BB E R E T 0=0.05 1B EERR
(Z=1.333, P=0.183), {HHIFAX N#I/KEE FHAEH Hilido=0.05 MEZEERL. #IFEX 1986-2006 4
HFNMIK T 5 4E[% W 58 Pearson < 2% (0.488). Spearman F%1(0.540), SIv X 517 K EAH e A i@ T
BEMRE: ST XFEEKE 2007-2024 B FAECREIYE T 1986-2007 41, H 2007-2024 4575
YLK EAH G R 4N Pearson (1=0.435). Spearman(p=0.472) (38 10D, #THX 5FIL. REGE X K85 E LT
FEKER e, WIPE XARYE =% I Sk SRR BRI, 30 0 5 BB I FBHl & TR (—
VAR TR, 2007 FAME B AALLLS, T KR TAR A BT BRI, ek i 2]
TBIX . DT DX KT, AN TE] I I it DRV Vo] 2 st R S0 sl BB 5 T /K N R TR, | 2007 ELLRE
MEAET . KR 22 il 51 A K B4 8.095 12 m3, L PRIRA NH IS, X I RIS s AL B 7K S
HER AR, 2007 FEZBIFMEFABIRILG, FEUHITEX =K & ZKN T MR R EAE L, HeE K
T2 FIHT G XN KT, 3 A2 V8 1 X N8 7K SRR S v JiR R 2 — 270, G 2 5o P R AR S HEV L 1 — k2
RIS 51 VLK B B 22 (R AR TR 76 X, R 1 2007-2024 47351 75 XN 351 7K -5 P4 R (19 AH 2% R 2808 1986-2006 4F &,
LB RIS T ZH K (2024 5 5 AHGTO B RISTE, 2024 42 6 A2 2025 455 F, RMAHIFEX/KE
1321 12 m® CER#AED.

2210 WG DX 7 XN K B Wk B TR R A

Tab.10 Correlation test of inflow and precipitation . pumping in Zhexi and Huxi

} . WG X WP X WX
#5 (SRS . . ; ) .
N5 [ R N5 R A5 51T
1986-2006(n=21) Pearson 0.919™ 0.488" 0.346
Spearman 0.917" 0.540™ 0.351
2007-2024(n=18) Pearson 0.783™ 0.639™ 0.435"
Spearman 0.746™ 0.598" 0.472"
4 45

1) ORI NIRRT 40 4E3 2 B FE FTHE (0=0.05), HT 2007 ERAEGH R, REF, A
WA AR SR B3 A0 34.99 12 mPF1 19.08 12 m?. H NS A0 2% (6] 2 S B 6k o NI T, 1 X N0
B0 2e=0.05 FEZEME LA IiEXNKE EAHEANEE, SICTBREANEE; BEERM AW



KE G R ETHEREAEE . =D KNE/KES T RAF) 72.8%T1 2 92.6%. Hili77m, 2
LI B0=0.05 YRV BT HOKE 2B BT 2 R R .

2) KA IS K B R R, REE TGS (0=0.05). 2007 FRAERAE, KA
WERAR AT R4 HE, BRI (RS 5t—) M 227d 4 195d. HBEIAMBAIKE (R =D, #ukKEHT
FEFIEEAR, 2007 4513400 172d. PR 5 T IOHOK 2L 9a. 14a (Z I B RZMFIR S . 518
WG, LT — AR R 6a (1.

3) KoK AR 2007 572 B B ELOREN K 1 ORISR, (B2 R AIKER (FERTARR 2 N iR
FERE A S BRSO B BEOREN R 1o TR B2 X 35 503 1T X 55 0 1 DX O N T SRS L = 38
DX R B /K S AH ORI g ni SRR G, 7 08 DX 2 R i SRR SRR SR P T

AHTFLE T B R AR IE R T AR 1K B A s A AR R T R A Ay
FF B T SRR Ja K R BES 4K A B REME, SR AT AT K SO 35T R =K Pl ) R A S
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