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Abstract: Based on the monitoring data of water quality at 5 stations in Lake Baiyangdian in the past 30 years, this study compre-

hensively applied multivariate statistical analysis methods and literature research to systematically reveal the trends of water quality
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evolution, influencing factors, and control measures in Lake Baiyangdian. Results showed that: (DThe years 2005 and 2015 were
the periods of poor water quality in Lake Baiyangdian over the past 30 years. From 2022 to 2023, the water quality of the lake area
remained stable at Class Ill , and by 2023, the water quality was at its best level over 30 years. The main pollution indicators in re-
cent years have been COD and TP. () From 2009 to 2023, the COD, TN, and TP concentrations in the Dianqu area were in sig-
nificant downward trends, with an annual decrease rate of 0. 611 mg/(L-a) («=0.05), 0.212 mg/(L-a) (a=0.01), and
0.013 mg/(L-a) (a=0.05), respectively. 3 The water quality indicators across various monitoring stations in Lake Baiyangdian
could be spatially categorized into three groups, with the Nanliuzhuang station in the western region showing the poorest water qual-
ity. Eutrophication indicators were further classified into two categories, with northern sites exhibiting a higher nitrogen-to-phos-
phorus ratio than the southern sites. Over recent years, Lake Baiyangdian has become predominantly phosphorus-limited despite
being a nitrogen-polluted system overall. @The inflow and water level were the key factors affecting the water quality of Lake Baiy-
angdian in recent years. From a regional perspective, targeted management strategies were necessary for different areas of the lake.
In the western region, particularly at the Nanliuzhuang site, efforts should focus on controlling external nutrient inputs. In the
northern sites, priority should be given to reducing total nitrogen concentrations, while in the southern sites, the main focus should
be on controlling chemical oxygen demand and total phosphorus levels. In the next step, the multi-site and multi-factor observation
data should be further combined with the application of a hydrodynamic-water quality coupling model for simulation and traceability
analysis, which can guarantee the comprehensive decision-making of water quality in Lake Baiyangdian, and provide support for
the ecological water replenishment and the control of endogenous pollution such as substrate and humus, as well as the synergistic
pollution management in the watershed.
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Fig. 1 Distribution of water quality monitoring sections in Lake Baiyangdian
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Fig. 2 Variations of water quality indicators in Lake Baiyangdian from 1992 to 2023
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Tab. 1 The Mann-Kendall trend tests of the main water quality indicators in
Lake Baiyangdian at different monitoring sections

s B KT N 7z EHER e amfkr
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TEX 1992—2023 £ COD 32 2.433 0. 400 b T s
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1992— 2023 4F N/P 32 3.081 0. 642 T s
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Tab. 2 Statistics of total phosphorus, total nitrogen, and nitrogen-to-phosphorus ratio in

monitoring sections of Lake Baiyangdian during different periods from 2019 to 2023

e GRS Foky Mk P2
uli 15,
TP ™ N/PIL TP ™ N/PI TP T™N N/PI TP T™N NPt

MXIE  0.054  2.53  61.70 0.085 1.20 14.77 0.034  3.94 135.69 -0.050 2.75 120.92
BefyE  0.026 2.59  102.49  0.028 1.73  60.47 0.027 3.64 146.96 -0.001 1.91 86. 49
SeiETkE 0. 031 1.57  59.98 0.040 1.24  34.19 0.032 2.47 87.15 -0.008 1.23 52.96
&3k 0.030 0.89 33.76 0.034 0.71 21.72  0.037 .14 35.96 0.004 0.44 14.24
Kiés  0.025  0.85  57.46 0.037  0.77 23.01 0.016 0.8 8380 -0.021 0.12 60.79
EX 0.033 1.69  63.08 0.045 .13 30.83 0.029 2.41 97.91 -0.015 1.29 67.08
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Fig. 3 Cluster analysis of monitoring sections and main water quality
indicators in Lake Baiyangdian from 2019 to 2023
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Fig. 4 The water quality and eutrophication status, inflow and water level of Lake Baiyangdian from 2009 to 2023
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Tab. 3 The percentage differences in N limit, N=P limit and P limit in
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Tab. 4 Correlation analysis and statistics of water quality indicators and
influencing factors in Lake Baiyangdian from 2009 to 2023
Bt 5 KXSHL He o XK 5
AT g gl AHCOD AHIN apme SAl- &S
A o ANEKEOKE s g ppgem IS VIR
" (14 417
COD R -0.703™  0.212 -0.724™ -0.897* -0.668"* -0.016  -0.015 -0.760* 0.679"
P 0.003 0.449  0.002 0. 001 0. 009 0.961 0.964  0.001  0.005
TN R -0.470  -0.145 -0.614* -0.579 0. 082 0.781*  0.723™ -0.718* 0.734™
P 0.077 0.605  0.015 0. 102 0.782 0. 003 0.008  0.003  0.002
TP R -0.660"  0.255 -0.708" -0.895" -0.685* —0.081  -0.092 -0.701** 0.731*
P 0.007 0.359  0.003 0. 001 0. 007 0.801 0.776  0.004  0.002
NP R 0.835™ -0.169  0.785* 0.874™ 0.773™  0.249 0.252  0.685* -0.594"
P 0.000 0.547  0.001 0. 002 0. 001 0.435 0.430  0.005  0.020

# Lk JMHIFOR @ 7E 0. 05,0, 01 7K (R b 3 AH 5

FWI A KRR T KK T 10 3 B 2. Wang 25120 15 1, BRI K 40 it it 931K (7 8 3 A 3
M, PR T I K S0 K A T B AR . AR AT R AR SRS R, R K P TS ek
JiE K- S35 W, A A 5 I e

2009— 2023 AEAE IR 5 3 XK R 2 300 W] A 6P . Han 257 9O B8 AL S M T 3 X K R, W
KB INAREE T COD {ELRG I T T i TP B i 3L e 78 T 39 T B DO vk B R BE TR N TR
B[ DO TP ¥ B 5 47 4 5 B R B (IR0 28 38 TE ARG, AR/ AL B 1 WK IRLRE , Sk T 50 17 A4k
JEREHA . ABFFES Han 28027 B0k SR XK T B BIF 5 45 A7 A — 52 9 22 5, W RE 55 7 5 i B A o i) )L
A5, S S A AR I B 2 25 S R S . KR T I A R A T 5 R A B DX KR
858 AEL S PR 2 Qi 82 K S5 B B ATS A R AT, DR 008 2 A o 8 K R 1 B i A R AR R 1Y
2017 45 LIk R VESZ N TR R SRR, WK B e | Ml 0L, A 2 A 45 DRI A AR A A e K B 1) 2
M 47 H AR 3R ) 5 A

JEX COD 5 COD 4 HEM i 2 5 G (R= -0.668,P<0.01) , TN 5 TN 445 Hl i it 52 IF MG (R =
0.781,P<0.01) , TP 15 TP 245 HEHCR T BAISEME . Fo BB a0, ARl B 2% v, BF 9 A WS 5
FA P B K 75 e HE e G , 2 T SR T 648 428 1R K e HE R HEA T 07 AR 6 A0 o NI IR
IKBRAME F B VE KK BRI FR 5 AT T ~ T2 1 LU 091 52 S 6, 54 4 V 2 i Le 4] 52 1 3 0F
R, FWIVE XK TR T 52 PR TS Y B M A 5 50 52 31 X S 22 K /K B S o s 1 3 Sy e Ak 080 o 5



2004 J. Lake Sci. (#1:64+3) ,2025,37(6)

SZF SN SFERBERUA , A5 T 5 280 KX 3 XK BRI 5835 5 L 25 48 1 3 X V5 Ye ) 2R I8 T IR v
TR AR A 0 LA B 25 R A8 9 3 s Han 257 38 38 KRR & K7 FR 58 A HOR FE B A 3 B A 6 2R
Tl K B R, 2017 AE LIk, BE AL BT XA 37, T AR S PR B IE AR AP BOR SR A 25 4T . A
WA EA B R, REH IR T KR UK AER S REER BR300 B TE AR SRR AN, BREEN TR LS
ANFARTE H 4 TR I S YR AR 0 R DE TS SR 5 K Al T Ak e iR R T R I I
FRVG K AL BT Y5 K AL BRBE T M RORT 2B 36 V5 7K A BRAERE A , FLICHERE PP T AR S IR B IR R, Ry T R
TETE I TR, T BE IS AR PG 5 2 FT B K, Y SR THATE @ B K BE T (R A W 2 R, 2 4b
K GATE W AT SRS R R , R RK TR 2021 AF A EIE AR R

SR —25 5T E RS AT R 3 B SE A R X 295 ey, S T I o e B O I R AT AT
P X 3 S IR 1 7K B BCHE R 4T KMO Ky 36 1 Bartlett 3%, & (AR E 3 > X419 KMO {45514 0. 624
0. 605 F1 0. 713 , 18 & BBl 43 St B (0 B3R, AT AT £ 534304 5 Bartlett £ (9 F {B/NT 0. 05, BT 3 A4~IX
HWOK BT R IER /370, £ B F Z 08— MAHCE 3R, T AT 280 43 o VR JE PG 38 X8R 1 32 1 4043
Mras R e (B 5) RS 3 AMHEERT 1 EEET,3 ANE TR 28503108 48. 71% (17. 66%
12.87% 3 Ji43 1 HPIE S i fef it WT,COD \N/P L4 XHERK, 43510 0. 918 ,0. 862, -0. 794, 3= B VG X I 5
LS G s g 25, B2 MRS AR R . B VEIL AR DY 32 003 A A 4 R s, RO Y 4 MR
ERF 1 WEZERT,3 AT 2ZMBE5000 40. 94% 20. 06% 1 13. 71% o i3 1 HiE i it TN
N/P [t .COD 4aXH{EH A, 43531 -0. 908 . —0. 904 0. 861 , F WAL IR I TN 5 5% [ £ F o 11V V€ 1 & X 45K
B ER A T as R R R B 3 DMREE R T 1 W FEEE 7,3 B F 07 22 R 2505 44.53% |
14. 16% F1 12.79% . 54y 1 HR It fiidit COD TP N/P FL4a i (B s A, 435124 0. 907 0. 843 0. 738, F
FEHRIX Ik COD TP y5 4 i =5, [EITAT, VU 30 m X0 i 5 7 B A5 S VR AMR R A, G0k i 3 A FRAIR TN R 32,
R 5 T AR T COD A TP 54k, HIELA BFTOHsE H 1 PR U XK o I £ A A 2 22 57 RUVE /K
AR AR OS2 B2 s (BRI B AN KRS I 22 , Ve AT — P8 3k B I K A F3E X it , 466
TR ) B, PRI TR K AR 36 B T AL 5 [ B XKL R T R O et A2 s i ok R I R R, X 5 A
TFFEAT H A A TE 7K S 7R AN A2 ST A 5 T 1 Y B 7K ) D B PR 38 4 SR AR — 3
2.5 B IEHEKBE ST

5K 2 A AR AR AR AR EL S50 2K 5T i Sl R A AR W 43 B R A K 5 A B OR e B 1L IR S SL A . 2022 4
3—5 7, FRE S B Y F BN ST B AR, ST AR 1 B R DX R LA
T R B AL o RN, A B A S 1 BT %0, 2021 4R, (IEETE AR SR TA/EM 6 A 7 HIFGR, 27 A 9
H 255, Dift 33 d, 4K A 2. 21 {2 m* 52022 48, (e A S HVK TAEGF 5 H 27 B, & 6 A RSS2t
#hoK 7.21 42 m* 52023 4F 6 H A6 KR T ED 4 (2023 4F [P TERL AR S0 46 B E I TE X KA
o HIGATAN, 2022 4E 3— 5 A RAEE N, OVEE AR AR RAR A K T . ABFFRLL 2022 43— 5 /]
S IR B, W b 2021 4T 2023 4% [ B B K 0T A AR AR A AR B0, PP 95 1R A 15 X K 5T 48 B 9 5 i
(E6),

2022 4 3—5 A #iA], 5 2021 4E[E R BAH G, EC .TUR ,COD \NH,-N 48474351 [8] Eb. T F4 10. 0% .16. 5% |
11.8% .10. 6% , T TN TP #1 N/P 43 ME b - F+ 5. 1% .8. 6% .80. 6% , 5 2023 4E [A] i) BE4H [, EC . TUR |
COD NH;-N $#8454> B EL T B 5. 1% .40. 3% .10.5% .16.2% , 1fi TN TP 1 N/P 4> B[ H FF- 99. 6% |
17. 6% .265. 7% ; AT WL, E A P bl it S 2 FAAFE T COD  NH-N ¥ BE | /(A B A0 B, Tl A 335 5T 3
FREE W] N R B TP A0 TN VR B, R N/P AR AL 52 2%, Im) LU s Siffes 450 7T e 55 3¢ v 1 Al T HE s N
JRIRTG e X

AR B T R ST AR AR R S i U B X S, A BT AR S
WEH MR (2018— 2035) ) itk 2B 4T K AE S IREE i, N — 20 B S U LA TAE: (1)
SR TR DX i T VR TR R S P RS s il o 1 — 2B AR A FEREAE T =X, i i ACUE A M T YRS YT B
X VSR T R RN, B R DL R U XM R K B 2 R A, T I — A R Ak N TR S Y g 5 ] A
PAZK A AW 0 T A, TN RE T PR e KOK = SR it . (2) e AR S RKECE . EEE KRR G 8



EHAE

1.0
0.8
0.6
0.4
0.2

i
(=]

-0.2
-0.4
-0.6
-0.8
-1.0

1.0
0.8
0.6
0.4
0.2

£ a]
(=)

-0.2
-0.4
-0.6
-0.8
-1.0

1.0
0.8
0.6
0.4
0.2

B
f=}

-0.2
-0.4
-0.6
-0.8
-1.0

1.0

199272023 4 & # AR RACKAE A o B Fe 04T

VF2

2005

VF4

0.8
0.6
0.4
0.2

<=1

-0.2
-04
-0.6
-0.8
-1.0

1.0

0.8
0.6
0.4
0.2

-0.2
-04
-0.6
-0.8
-1.0

XX

RKXX

1.0

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8
-1.0

o %
S

NH,-N

S AT 5 AR FTRBEAS 3l UK R

each station in Lake Baiyangdian in recent five years

S R 7 D 0 e 3 A

Fig. 5 Component loadings of varifactor (VF) for the water quality data at

W%ﬁmm%ﬁ“ﬁ*%f“%%%Iﬁﬁmﬁﬁwmwﬂ%ﬁ%%%ﬁuﬁﬁoﬁﬁ*ﬁ%&%%ﬁﬂ

FREE TG B AR AR A B —

WA KRR S8, iE A PR K R T 7 R

(3) ARG KI5 4

ﬁ%ﬁﬁ%ﬁﬁﬁo@Lmﬁﬁﬁﬁ%ﬁ%ﬁﬁﬁHKMEﬁmwmﬁﬁ%LT%@ﬁ%U&E%%ﬂ

Py PR

W, X TE ROK S

<[] S5 o AR et DR HA B, St VS 15, B T R I3 T s AR )7



2006 J. Lake Sci. (#138#3) ,2025,37(6)

—o— 20214 —=— 20224F 20234
12 5.8 0.04 0.04

5.6
nt il _ 003 -:/—-\\i: 00 :lwﬁ
= g 52+ ?0 I
= en 7 =
D g g Bh
£10 -\ Es0f =002} £ 0.02}
= a2 Z =
8 =y 8 4.8 _l\./.—/\' :IZ:M &
91 461 0.01 | 0.01F
44t
8 1 1 1 1 1 42 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
1.6 1020 12 120
i |o—o—o—0—_o o -—-———'/./.\l
1.4 .:r\—-.ﬁ_\'. 1000 ol ook
12 980
ol g 960} > 8| 80 -
on = 40 p
o8} g 940 < 6-'/'%.\/.\‘ S 60t e o o0
= = 920f = — T
E 0.6 Q g ~
2 900} 41+ 40}
04r 880} N ol
02 - 860_
0 1 1 1 1 1 840 1 1 1 1 1 0 1 1 1 1 1 O 1 1 1 1 1
oo O o o < oSO o oo o <o oS o O o o <o oS O O o <o <o
S S 3S S S S S 2SS S S ISERSTRSERSTRS SRSt S S S S

Bl 6 2021— 2023 4F 3— 5 H FHIFJEHE XK BHEAR AL 74T
Fig. 6 Variations in water quality indicators in Lake Baiyangdian during March to May from 2021 to 2023

AESI. (4) HOEBE— st a8l . KIS B 32, 3 e 2 N HBIX, DMRIEISE R, 1675 Y if BT 1,
i) AR I ST A — A A AR RIAILAR] , X LA S B e — WL A B ) AT 3l B4 95 G BRAR R, MO Sk Bk k%
F 5 G2 AR e — P 5 o (S) S R A K I RGP R A o AR AR 2 AR R K AR 3 DX 3
SERT RIS B Sk i A R A, A2 D RN RBEAR KT K % 42

1)2005 4FF1 2015 A5 43 30 4F RS K 22 I I BE ;2022 — 2023 AR KRR E £ T 2€, 2023 47K
JiiHy 30 ZAE LR KT-, T 25 Yedg by COD FI TP, FIPEVE K BTAT L 5 B , 245 45 T R AR A
AR ORI LR G IR B A BB S AR T ) ST

2)2009—2023 4, JEX COD TN il TP ¥y 52 SR T R s, 428 (g <73 4 -0. 611 mg/ (L-a) (a=
0.05) ,-0.212 mg/(L-a) («=0.01)#1-0.013 mg/(L-a) («=0.05),

3) £l UK B AR AT 25 (3R S 3 28, DU AR A R Xl UK B 22 5 W B SRR nT RO 2 26, BBl L
VA3t A R T R IS AR 5 AT S B AR O A BRI RHAIE , EUR T 2075 e B A

4) AVE AR KA I AR5 R XK B Y S B DN 3R 5 2 DX, 10 e 0 e 0 B DR T MR
AR 0 T A AR TN MR BEE , e oo AR B COD Al TP J5 3

5) T N R AP A 2wl i 22 B LN Bt , IO K Bl 7 - R SR A T A AR UL D
M, 227 AR BRE DK SR 23 R, e A K SRR , D42 1l A 5T e HEE AT P )3 B 3t S #

4 S 30k

[ 1] Dodds WK, Perkin JS, Gerken JE. Human impact on freshwater ecosystem services: A global perspective. Environmental Science & Tech-
nology, 2013, 47(16) : 9061-9068. DOI: 10. 1021/es4021052.

[ 2] Copeland HE, Tessman SA, Girvetz EH et al. A geospatial assessment on the distribution, condition, and vulnerability of Wyoming’s wet-
lands. Ecological Indicators, 2010, 10(4) . 869-879. DOI. 10. 1016/j. ecolind. 2010. 01. 011.



ZAh A F 19922023 & 5% KR EACHAER B vh B & 57 2007

[3]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

(23]

[24]

[25]

[26]

Huang JC, Zhang YJ, Bing HJ et al. Characterizing the river water quality in China: Recent progress and on-going challenges. Water Re-
search, 2021, 201: 117309. DOI: 10. 1016/]. watres. 2021. 117309.
Xia R, Wang GS, Zhang Y et al. River algal blooms are well predicted by antecedent environmental conditions. Water Research, 2020,
185: 116221. DOI; 10. 1016/j. watres. 2020. 116221.
Zhu JF, Zhou Y, Wang SX et al. Analysis of changes of Baiyangdian wetland from 1975 to 2018 based on remote sensing. National Remote
Sensing Bulletin, 2019, 23(5) : 971-986. DOI. 10. 11834/jrs. 20198379.
Mao X, Liu LJ, Song L et al. A 70 year sedimentary record of eco-environment changes in Baiyangdian Lake and its influencing factors.
Earth Science, 2021, 46(7) : 2609-2620. [ BJik, XIARHL, RASE. HWREL 70 4F A S PR AL 72 K IR 35, s BRFL%,
2021, 46(7) : 2609-2620. ]
Yi YJ, Lin CQ, Tang CH. Hydrology, environment and ecological evolution of Lake Baiyangdian since 1960s. J Lake Sci, 2020, 32(5) :
1333-1347, 1226. DOI: 10. 18307/2020. 0500. [ 5y T, kAR, MERLL. 1960s LUK PRS0 FREE AR 3. WInF
“#, 2020, 32(5): 1333-1347, 1226. ]
PN, AR ERRE K BURE BB FRIRAS AT [ S8 30 fRAE - Wb RaE, 2020.
Liu L, You XY. Water quality assessment and contribution rates of main pollution sources in Baiyangdian Lake, northern China. Enwviron-
mental Impact Assessment Review, 2023, 98. 106965. DOI: 10. 1016/j. eiar. 2022. 106965.
Cheng BF, Zhang Y, Xia R et al. Spatiotemporal analysis and prediction of water quality in the Han River by an integrated nonparametric
diagnosis approach. Journal of Cleaner Production, 2021, 328 129583. DOI: 10. 1016/]. jclepro. 2021. 129583.
Mann HB. Nonparametric tests against trend. Econometrica, 1945, 13(3): 245. DOI: 10.2307/1907187.
Lloyd S. Least squares quantization in PCM. [EEE Transactions on Information Theory, 1982, 28(2) . 129-137. DOI. 10. 1109/TIT.
1982. 1056489.
Hotelling H. Analysis of a complex of statistical variables into principal components. Journal of Educational Psychology, 1933, 24(6) :
417-441. DOIL: 10.1037/h0071325.
Wang HH, Bai J, Liu SC et al. Spatial and temporal variations in the water quality of Baiyangdian Lake in the recent 30 years. Journal of
Agro-Environment Science, 2020, 39(5) ; 1051-1059. DOI; 10. 11654/ jaes. 2020-0196. [ FXK, 3%, XIHAESE. (HPEGEN 30 4Rk
W URHE. Al BREER 74, 2020, 39(5) + 1051-1059. ]
Zhang T, Liu JL, Wang XM. Causal analysis of the spatial-temporal variation of water quality in Baiyangdian Lake. Acta Scientiae Circum-
stantiae, 2010, 30(2) ; 261-267. DOI; 10. 13671/j. hjkxxb. 2010. 02. 023. [ 2Kk, XU, EE5HE. ERERASRIN 28251k K 301
TS50 7. BRI, 2010, 30(2) - 261-267. |
Duan MQ, Xu W, Yuan FY et al. Analysis on the trend and nutritional status of water environmentquality in Baiyangdian Lakein recent 5
years. Environmental Chemistry, 2022, 41(6) ; 1988-2000. [ BYSSEE, VR4, 2 CHESE. (PRGN 5 KA BIE R B bt 5%
FERAS M. Bk, 2022,41(6) ; 1988-2000. |
WAL A ASFREEIT. 2023 AL ASFEPRIL AR 7150 , WAL 4 AFRYIIT. hitps://hbepb. hebei. gov. en/hbhjt/sjzx/hjzlz-
kgh/.
Xu RZ, Wang YS, Yin DC et al. Seasonal and spatial variation characteristics of surface water quality and its influencing factors in Baiyang-
dian Lake. Environmental Science , 2025, 46(3) : 1382-1394. DOI: 10.13227/j. hjkx. 202401138. [ %4, FMitl, FHm@E%. H%
FEHIFRAROR BT 1T 5258 AR ARAHIE R R . BRIERL2A, 2025, 46(3) : 1382-1394. ]
VAR EAPESENI TR B A AR S RIS R AT SE [ 2 e s. deat: JERUBER ., 2012.
Chen L, Wu WW, Yang MX et al. The spatiotemporal distribution of water pollutants from 1998 to 2016 in Baiyangdian Lake. Environmen-
tal Science Survey, 2023, 42(2) : 33-39. [Pk, RICT, HWIHESE. [FIFEDE 1998— 2016 4R AT Qe id 25 A3 A RHAE 20T, BREERY
5], 2023, 42(2) : 33-39. ]
Kong FQ, Xie X, Chen JX et al. Research on the comprehensive evaluation of water eco-environment quality of Baiyangdian wetland. Envi-
ronmental Protection, 2024, 52(S2) . 42-45. [fLJL, 8, WA E5E. BIHEEKAE BB IR LES1FMIFsR. HE{fR, 2024,
52(S2): 42-45. ]
Redfield AC. The biological control of chemical factors in the environment. Science Progress, 1960, 11: 150-170.
Schanz F, Juon H. Two different methods of evaluating nutrient limitations of periphyton bioassays, using water from the River Rhine and
eight of its tributaries. Hydrobiologia, 1983, 102(3) : 187-195. DOI: 10. 1007/BF00006346.
Guildford SJ, Hecky RE. Total nitrogen, total phosphorus, and nutrient limitation in lakes and oceans: Is there a common relationship.
Limnology and Oceanography , 2000, 45(6) : 1213-1223. DOI. 10.4319/1o. 2000. 45. 6. 1213.
Ji PF, Xu H, Zhan X et al. Spatial-temporal variations and driving of nitrogen and phosphorus ratios in lakes in the middle and lower rea-
ches of Yangtze River. Environmental Science, 2020, 41(9) : 4030-4041. DOI. 10. 13227/j. hjkx. 202002017. [ Z=fl% &, ¥, AhH
5. RKTT AR R WK PR B IR TR . FREERIE, 2020, 41(9) ; 4030-4041. ]

Wang F, Wang X, Zhao Y et al. Long-term periodic structure and seasonal-trend decomposition of water level in Lake Baiyangdian, North-



2008

[27]

[28]

[29]

[30]

[31]

[32]

J. Lake Sci. (#1i8#+5) ,2025,37(6)

ern China. International Journal of Environmental Science and Technology, 2014, 11(2) : 327-338. DOI: 10. 1007/s13762-013-0362-5.

Han YL, Bu HM. The impact of climate change on the water quality of Baiyangdian Lake ( China) in the past 30 years (1991-2020). Sci-
ence of the Total Environment, 2023, 870 161957. DOI. 10. 1016/]j. scitotenv. 2023. 161957.

Han Q, Tong RZ, Sun WC et al. Anthropogenic influences on the water quality of the Baiyangdian Lake in North China over the last dec-
ade. Science of the Total Environment, 2020, 701 134929. DOI: 10. 1016/]j. scitotenv. 2019. 134929.

BRI K B M 4R R BRI, 2021-07-23, hitps ://www. bjd. com. en/index. shtml.

Tian K, Zhao YW, Bai J et al. Spatiotemporal characteristics of water renewal cycle and tracer transport time in Baiyangdian wetland under
multi-source water supply pattern. J Lake Sci, 2025, 37(4) : 1302-1313. DOI;10. 18307/2025. 0424. [ HEL, & Z1H, AES. ZHE4
KA SR T FAPEE K R I 5 7R B0 A it TR] IR 2 R E. IIIARL2A, 2025, 37(4) : 1302-1313. ]

Meng HB, Zhang J. Impact of COVID-19 lockdown on water quality in China during 2020 and 2022 : Two case surges. Environmental Sci-
ence and Pollution Research, 2023, 30(32): 79386-79401. DOI. 10. 1007/s11356-023-27962-7.

Shi MW, Wang YX, Gao B et al. Spatial and temporal characteristics of eutrophication in Baiyangdian Lake from 2013 to 2022. Environ-
mental Pollution & Conirol, 2024, 46(10) : 1472-1478. [ shaifl, THag:, miiaE. 2013—2022 48 (P K i o B IR AL 2 ey
EWFFE. BTG S5 P5iR, 2024, 46(10) ; 1472-1478. ]





