J. Lake Sci.(#1764+5) , 2023, 35(2): 507-518
DOI 10. 18307/2023. 0209
© 2023 by Journal of Lake Sciences

ETIEL MM F o e) S R iZ e E Y E R A

EF,N &/, E 20 o, E ¥ hmAe’
(1 PRI KPS LA BE 76 637009)

(2 o R B T DK A €60 RE B AR B , v IR B K Pk PR 8 T S8, TP 400714)
(3 PR KA FEHURE - S HEAR B , K 400065 )

(4: TP G0 A T8 B2 i, TP 400065)

OE: KRR BN YT = WK B o S A AR SRR R 2 — o A K Bl IR 9 A i L R R I A 5 B A
B ex i 5K A 2 S i E RV, AELAT ke =2 A 2014 77 32k M 24 25 R0 R A1 L0 50 0 B A B 358 DR 115 37 9 A 90 ] )
RO o ABIFTE LA =K P25 T W B by 491, SR P A P I 1 43 ) S A 2 0k e 7 T A 0 ) DR SR i o LA
Bk A T 2007 4F 6 H 2 2018 45 9 Y WAZ A ke Aty =i FH - W 0 50 W S WL s, HEeP (8 1 /K SC R IR B B it
LR o LR B, MHE 1G0T (SSA) 238 T 4R R o FNFRIE A 7 AR 45 5E 1 3 01 2405 55 FLU, SR AT
SAE WSS (CCM) Jr B S T M4 R o SIRER TR AY RS . 22R 8RO RRW T SR i JRIER L =03k
LB 55 SDUR A7 R ST 5 PP T 4R 3R o )P ARG B R R @ BRI AR 4 B R R AR DA 0L v
T HHER o WRRXHR, BARRZ T AR o LA B ;@) CCM 45 5501 SRR AL 4>
B Bkt 22708 PR AGL IR U, UESEAR S AR I P o M D7 6 78 20 W 7 e AR 00 1 DR SR iy B S LA 38 . AR P K AR S R
B SR AR AL T BSR4 A T BT TS A

SRR WK S BRI 5 A T KA BREE IR T s AR LS 5 DRRSIT 5 AR R N R 40 #

Nonlinear time-series analysis on the causality response of phytoplankton in a tributary of
the Three Gorges Reservoir®

He Mengqi'”, Shan Kun®* , Wang Lan’* Yang Liu®, Li Zhe’ & Shang Mingsheng’

(1: School of Computer Science, China West Normal University, Nanchong 637009, P.R.China)

(2. Chongqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences, CAS Key Lab on Reservoir Envi-
ronment, Chongqing 400714, P.R.China)

(3: College of Computer Science and Technology, Chongqing University of Posts and Telecommunications, Chonggqing
400065, P.R.China)

(4. School of Artificial Intelligence, Chongqing University of Education, Chongging 400065, P.R.China)

Abstract: Harmful algae blooms in Three Gorges Reservoir (TGR) have become the most major environmental and ecological prob-
lem. Despite broad recognition that hydrological manipulation, warming climate and nutrient loading promote the intensity and fre-
quency of bloom events, the main problem is still no science-based framework for evaluating the causal relationships between envi-
ronmental factors and phytoplankton biomass by using field observation data. Thus, as a case study, a nonlinear time-series causali-
ty analysis framework was used to reveal the phytoplankton response in the TGR, China. Two sampling stations, named Lake Gaoy-
angping and Lake Hanfeng, were used to reconstruct the dynamics of real-world environmental systems with eleven parameters from

June 2007 to September 2018. Singular spectrum analysis isolated low-dimensional, deterministic signals for chlorophyll-a( Chl.a)
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dynamics and other candidate drivers. Causal analysis with convergent cross-mapping ( CCM) provided strong evidence that temper-
ature, sunshine hours, precipitation, discharge in the tributary, and water level of TGR systematically influenced phytoplankton bi-
omass dynamics in Lake Gaoyangping. In contrast, total nitrogen (TN) and total phosphorus ( TP) showed a causal relationship
with Chl.a only in Lake Hanfeng, and the effect of TN on Chl.a was more significant than that of TP. Finally, the research com-
pares the nonlinear CCM analysis with the linear Pearson correlation analysis and Granger causality test. It confirms that the nonlin-
ear causality method has more advantage in causal discovery based on long time-series monitoring data. Overall, this study provides
a case for causal modelling of water ecosystems and a new research perspective for evaluating the environmental drivers of harmful
algae blooms in TGR by using long-term observational data.

Keywords: Three Gorges Reservoir; Pengxi River; harmful algal blooms; environmental factors; water-level manipulation; cau-

sality analysis; nonlinear time-series analysis
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Fig.2 Flow chart of nonlinear time-series analysis
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Mean xmap skill P-value Mean xmap skill P-value
iR CAT) 0.932 0.002 0.876 0.002
KIE(WT) 0.942 0.002 0.906 0.002
SR IR (Whpgr ) 0.873 0.002 0.863 0.002
BEEWIK AL (WL ) 0.612 0.006 0.736 0.002
MA(TN) -0.480 0.002 0.609 0.050
S (TP) / / 0.378 0.104

UG S A A RER D i PRI BRI e Ve AP Mean omap skill 678 3T COM 13 0 P44 3 LB (i
(PHERFRRE ) 5 P-value 23T Ebisuzaki #0771k A0 MR8

(EAR BN E A RIEDR 3 A9 CCM 4551, /R IR PR E A H RIS S 4 2 o 22 18] 19 PR SR SR 43 3
0.932.0.904 #10.808 H#fi# o T W EF WAL (P=0.002), X XUEE A HEAFENESH SR HE
IR R IR IR0 PR AL R sh 2%, i XU R A i SRS PRI, JeEk k4T CCM S, BF
GERAHE T AR I WRAT ) i R A PR SRABEAL R (TR 6) , 6 b e B8 = e R 3L 7 A2 ek e 9 SF- 38 AR 3 i - s 3
a B DR SR BERE T, 2090k 0.873 1 0.863 HARIE T T 1 5 MEAG B (P =0.002) , 1117 15 =F W 35 15 00K 432 38 Ak %o
PUEMIM 228 o SRR T FUFARN . X — & B R K 7 s 2 il Ak A8 25 2 B AL T A e Bl

F 3 RFHE TR T 5442 o [BF R ER LR

Tab.3 Comparison of the response of the Chl.a to environmental factors under different causality methods

- W SIE LS ARSI N E Y L

= Mean xmap skill P-value VB P-value F Giita P-value
AT 0.932 0.002 ** 0.272 0.001 ** 1.6094 0.204
Rain 0.904 0.002 ** 0.254 0.003 ** 2.8569 0.061
Sunshine hours 0.808 0.002 ** 0.148 0.086 4.068 0.019*
Wind speed / / 0.147 0.088 0.5059 0.604
WwT 0.942 0.002 ** 0.220 0.009 ** 2.6829 0.072

Q 0.871 0.002 ** 0.053 0.540 3.607 0.030 "
WLicr 0.873 0.002 ** -0.215 0.012* 2.2907 0.105
WLy 0.612 0.006 ** -0.164 0.058 0.0236 0.977
TN -0.480 0.992 -0.065 0.450 1.2302 0.296

TP / / 0.060 0.486 6.676 0.002 **

T A5 TR W), i s Oy P<0.01, = 24 0.01<P<0.05,
2.3 AR S A EER L

LI FRF [ 7 3 54 b 1 DR R 06 2R R Ui B T8 2R AR S dh i R g el L BFSEIESE ik
B3E ST (CCM) FEAR S AT 5% 22 765 R SRR 06 O 3 TR i i IR sh IR F AP 98 . MR 36 3 FTom , Al
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0.609

TR, FA H B EEOR F W HUR S I 4 R o ARk e
@ 0.660 @ SIS T COM IR MERR R B BB X 44 2 o i R AR 5
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° 0736 0,613 0.863 0873 FETLRALAIRS 5 2R SRR IT 15 T LRtk PR L4 W 45 S T e

FAEH A . IEAN Sugihara 290G, A ATTIA R A% 22 2R DR
@ HEWR IG5 T Bl 3 S R RS, 0 EATE & T
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T8 DR 1 R R 9 6 IR RTEAE MY B4, R T 4T R Wi A i

Fig.6 Causal network diagram between [ 31 2L W) B R 5 &R s ) A AR 40 25 4 540 i 3 P i
environmental factors and Chl.a in Pengxi River FRZ|H K FR 2t W U A B4 S P DA SRR R g Sy
KA N5 B 2 I — S S iR 25

TS Bl SR A — K P43 T Yt ey I P T80 050 = I IR o ) 00 500 , 4545 Al e e i) 47) PR 2R
HERLI AT IRR T AR SRS A IR T AT L, BAZSISUnR - A7 S4BT (SSA) et AT
BOYEERER o SIS R RGeS E VLS ) 2415 55 @ TS ST (CCM) 1 SR 20 # 05 i a7
AR T (UL BT H ) SRR KL = RN R T80 38 55 U (7 I 5 000 55 FH P 2 R a
KRR E AR ;G SR BB AR E FREE R DRI S h R B 54 R o MR CR, H
BAEBZ T MR R o HRALSE IR B3 @ AFFOIE LA 7 7 AR S TR G AR OGS BT 5
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