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Abstract: Over the years, integrated remediation efforts in Lake Dianchi have yielded significant interim success in curbing cya-
nobacterial blooms. From 2018 onward, both the frequency and spatial extent of these blooms showed a consistent downward trend.
However, a marked resurgence was observed in 2023, prompting renewed scientific and public concern. This study systematically
investigates the variability and outbreak mechanisms of cyanobacterial blooms in Lake Dianchi from 2018 to 2023, leveraging MO-
DIS satellite imagery alongside integrated water quality and meteorological monitoring data. Analysis of the monitoring data reveals
that the annual bloom frequency followed a “ V" -shaped trajectory over the six-year period, with 2023 registering a notably high fre-

quency of 87.0% , significantly exceeding the six-year average of 69.3%. In contrast, the average bloom area from 2022 to 2023
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was substantially lower than that from 2018 to 2021. Specifically, the average bloom area in 2023 (15. 86 km”) was 65. 3% below
the six-year mean, although it represented an 11.4% increase from 2022. Spearman correlation analysis demonstrated that both
monthly bloom frequency and monthly average bloom area were significantly positively correlated with monthly average temperature
and monthly precipitation, while showing a significant negative correlation with monthly average wind speed. Additionally, the
monthly average cyanobacterial density exhibited a strong positive correlation with the monthly average total phosphorus concentra-
tion. Multivariate linear regression analysis highlighted air temperature and wind speed as the dominant meteorological drivers of
bloom dynamics in Lake Dianchi. However, total phosphorus concentration had limited explanatory power regarding variations in
algal density. Throughout the 2018—2023 period, cyanobacterial density consistently surpassed the mild bloom threshold (1. 0x10’
cells/L) , suggesting that the 2023 resurgence was primarily driven by synergistic meteorological influences. During the non-bloom
season ( January—May and December) , an increased proportion of temperatures between 13—20 “C accelerated cyanobacterial re-
surgence. During the bloom season ( June—November) , the increase in the proportion of low wind speeds (<2 m/s) promoted cya-
nobacterial surfacing and aggregation. A reduced proportion of temperatures below 13 °C favored cyanobacterial growth. A signifi-
cant rise in the proportion of 20-25 °C temperatures during the bloom season likely enhanced cyanobacterial buoyancy, contribu-
ting to the broader bloom coverage observed in 2023. These findings offer valuable theoretical support for the daily prevention, pre-
diction, and early warning systems for cyanobacterial blooms in Lake Dianchi. Furthermore, they provide a reference for bloom
management in other plateau lakes across Yunnan Province.
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Fig. 1 Schematic diagram of the geographical location, inflow rivers and monitoring points of Lake Dianchi

1.2 #HERkiR

1.2.1 #REEHAE M NASA Xk A7 K ity (Chitps ;://oceandata. gsfe. nasa. gov/ ) ZHL T HEBM 2018 451 H—
2023 4F 12 A [ MODIS/Terra Level-1 A %4, MODIS 7 il #th 5 S 32 80 1 4% 38, 469 ~ 2130 nm I Bt 70 [
PWALE 7 AEIE DB, Hodp 645 F1 859 nm I BEaS (8] 70 #E% R 250 m,469 555 1240, 1640 F11 2130 nm KB5S
] 73 83 2 500 m, FEAR JEIIN 1 d, 732 W Pl A (AR 2tk A e 22

1L.2.2 A 23048 AMRMNEHTT AR/ T 2018— 2023 4F B B il ( 4 5545 : 56778 5 Ak 47 : 25°00"28"N,
102°39'11"E) 2 57 3k ( 3 155 56882 ; Ak 47 ; 24°55'26"N, 102050’ 21"E) FI T 5% 3 ( 3 55 56871 ; Ak 47
24°41'12"N,102°34'7"E) 3 A-E i J 11 [ 550 (18 1e) BR800 (RGE SR REFT & 45) L 0% 3 b
ST ECRE B T AN R B TR S 507,

L2.3 ki3 MNBmEEAIETIE R WIT A A FREE W I ity , AR T 2018 — 2023 A b i 14 10 A4~
s Wty s (I Te) W9 oK B W DB , T A A 5 il BV ORI S B o /K W 4 R COR B R AR 2 AR HE 7))
(HJ 494—2009) MALHEAT , WEIMIFEAR 73 A4 B COK AN A WD 43 BT 75125 ) (36 DU RR) HH EARUEAAT

1.3 BERKERBBEDTHIE

1.3.1 MODIS %4 A (/K (B BAb B4k SeaDAS 7. 5. 1 %t Level-1A $dg 4T 4L BE , 38 B Level-1B
Bt o X Level-1B S AT R AR IE , 23 bR R SRR PRI LA B IR AR5 1) i R BT, 745 38 35 A1) 30 S ARG T



F 20182023 F Ak 1 Sk K A R K AR AR R B T R R ) 499

JZ 512 ( corrected reflectance, R, ) , B FE AR M TF !,
"TLSA
R,., = P xcon b -R,, (1)
A, A 2 MODIS SEiE s B DI, L, A&t SRR ISR IE J5 R T 52 B, Fy S R BHFR IR, 6, K
PH = AR R, S Em A B SOt 2 de)ia W ARE R, et g A6 BB [T 4552 , Forh SRR 4 BE 220 500 m (1) 469
nm F1 555 nm P BT RAEF] 250 m ApHEEE IR 3 > MODIS Ji Bt (645,555 Fil 469 nm) (1) R, Fodhi A= i 4%
ey 250 m B HRA” 5 BUER
SRR =4 55> 50% BSAARG 15 B0 A R AR , A RO 8 s 800 A 50k 8, 2018 — 2023
AR B I R B AL T 845 IR, #4430 117 (152 (113 (123 (147 F1 193 1%,
1.3.2 MODIS 1% T 3K 4 fR1F  ASSCRAIFEF 3258 4 (floating algae index, FAT) , 45 G e B FE 1, T
JE SRS 150 B BRI %07 TR T S R0 1 K AR AR A FAT SRk
8 B (L0 3 Fo R AR, 1% 7 I A6 TR K AR FISRAD BRI h AR 20 i A AR %
77 FAL 938 F BB -0. 0072 24 MODIS R, $dii+ 55453 31500 FAI>-0. 007 i, {1 H) 5 %1400k
IKEEAGIT,
1. 4 RIERIMEIER
141 ALK AR a8t K E L mf>1 km® B8 2 H &4 T —KIE#KE, K
ZWRAR Y B AR KA B . BT BB BRGNS H, G5 A B4R A I s ke &
EUCEORM R AR WK R AR TP A R N

P=""x100% (2)
N

A, PR B KA R A n SRR AR R AR OB, N A SO 8K
14.2 FHAREER A SO T K AT R g 2000 2t 5 — 4 5 i 18] BOK S B i Fg bR, oo
WP
BA, = BA/n (3)

X BA, R KA TR (km®) n N EEEE KA KA B, BA, O Bt KA AR (km®) ¢
143 B A F A 88 DIEATIERY, BUB W L DU IR A Z R e . R
ARG BESIKAE R TR, AR SCHE AT AT BE  H BE S 5 A5 DR R S 14 1R B 4 X 7K A8 T A5 B) Be A 13
BUHEAT 34T o 30 XHE L 24745 H A B K 48 kA A H P Bk AR TR AT Ge i e B3, 6 — 11 H E th i
WK A S e AL T8 KO, A P $K A T AR R R T At 05 (R 1) i 5 T aih 2
Ma 25 B BFSE 285 R FEA — B, L, ABFTOR 6— 11 52 SO e Sk A Y 6101, BIVE Kk 48 1 o
B KRR RO BB 1 — 5 AN 12 A SORAE 3, B MoK AR & AR AR, KRR B R
BB o
1.5 HRFKEIT 500

FF It MODIS 3285 15 A 1R 25 5, $R R 2018— 2023 AF Wi 301 P A A5 2 W I R K A8 & HE Ak e H
IRAET AR S AR AR , AT Z A RAFEBR RUBE i) i K A8 A R T S5 K AR T AL, TG K M4 A B 4 B
YK BEHR AR (AL G PR B ) 3 A 10 A [l WA ity ol Xof Iz ek 32 AW 00 5090 %) S A SA (B3R A%

ARG BTN W BRI , A0 R G BRI T T 40 AL 3 .

2018— 2023 4F W I St , JEC b 7 R AR ) LA R SR T 1SR 5 JB o IRt . B IR 4B /R TR BRI <R
P ST 1 R 3 B A B A IR I TS BT (15~ 40 °C) |, {H AR sl R St BRI S8 S ki . L
KT, 13 CLUT MBS A K Z M, 13~20 CRLEMR K ,20~25 CRIEHIEK,25~30 CREEE K,
SR 7 (6—9 A) S EE/ T 13~20 °C (43. 1% ) Fll 20~25 °C(56. 7% ) ,>25 CAL 0. 1% ( Fif &
D), LA R LR W GG IR . R, AR R AR 2R R (<13.13~20,20~25 .25 C) , &
e 3 T H A A RHE

Weg K 3 35 o K K A A SR LA 3 25 S ARSI SR [ R R AR, 45 A O P s R



500 J. Lake Sci. (#1:645),2026,38(2)

SRR IR R (TCFERT : 0 mm /NET: 0~ 10 mm; T 10 ~ 25 mm; KRR ;25 ~ 50 mm; Z& i : 50 ~ 100
mm) , RGP H I AL

SR T K HE A 3 BRI, o O I W R T KR ORI 3~4 m/s(>4 m/s
IR A3 8 B AR 5 KRR T UG B B 2~ 3 m/s (<2 m/s ISR B ETHR) o [N, %5 1E 3] 2018—2023
AT HAFR XGEIEALE T 1~5 m/s JEEEIA (BT , AW 5E 8 57 U 9 K 73 KA &R (<2.2~3.3~4 >4
m/s) , RGP AT AL .

TR RN 19 B K AR A 3 K AR TR 56 23R T IBML SPSS Statistics 29. 0 K
PFHEAT Spearman ARCAE A Z 0L M B1H (/N =315 7001 s 1 B ArcMap 10. 7 B /5 50t 3ty B B A
WIS K ) s 7 2 A B R 25 1B 5R T Origin 2021 37F58 1Mo

2 HERENH

2.12018— 2023 FEFL W

20182023 4£ 1) MODIS {5 $cdis /s , Jith ek AR S BR R Bk AS (U AR o 4F K A8 e A R S B e
JE TS, DA 2018 4F (1 66. 7% T 2021 4Ry 52. 8% , b5 81 2 2023 4R [ (H 87. 0% , B 4F 3 {H
(69.3% ) FTHE 17.7 DA/ (K 2a) o AR b, KA LA 300 3 4EFFTE 70% LA L, {5 2022 4
2 AN 2023 45 1 A SR R BT RO E . Rl 2023 4R A KSR R AR R 70% b
ik 98. 6% (RN AFLIESE I 18. 8% ) , AR FEHMIN 82. 5% (HINAFLEHIN 30. 1% ), W th AT 54

2018 2023 AU MK AR T AR B S 25 ) AR PR SR AIE o A - 3R AR T AR 2 1) S T B I A8 Ak
Fi,2022— 2023 4EF-HE (15. 04 km?) %5 2018— 2021 4F(61. 04 km®) . F AR, Hrfr 2023 4F 44 K A i F
(15.86 km”) FAZITIIA (45 2022 4F 1T 11. 4% ([ 2b) . A BRIE 1-,2018— 2021 4RI A V- K & i
FULE 128.75~231. 13 km® i) 50,2022 4EBR[H 90. 4% %= 22. 19 km® J5,2023 4F 31 %5 53. 20 km®, {H A5
{142 ,2023 4 1 F TR A TR (27. 7 k) [] LL 3 87. 0% , 1 4F 2530 P K H AL (9. 9 km) T B
30. 5% , W] a4 ok A T AR ] 7 2 SR A B K AR AR R I

IR M A SRR, 2023 AFTE KA S B B A AR AR 3K AR e A R B AR
(87.0% ) , HLAFP-2 /K AR IR 2022 AF3EHN T 1. 4%

12} (a) —m— KA RS —a— FHEIKAE R AR
—o— E WKL LR —o— FIKLLER

1.0F
0.8F
0.6F

KA 2 13 %%

0.4
0.2

1 1
PEIVOLI L ILPIOED DL
\QO \% \cb \%Q\Q Q\?’ Q\O’ Q\q Q'\/Q 6\9 Qﬁ/Q Q%Q Q’\,\ Q’b\ qu\gql\ Q&Q&@Q&Q& Q(\?J 6{:) Qq?)‘é(
LAV e Ve e A VD) A e e e e e e e e i

E 250} ® ) A Pk A 1150
= /\A —A— FRPFRERAEIB ] 0
iz 200 A —o— JE E K AR &
150+ A////// " —o ST HPK AR % =
% T ®. 60 =
2 100 $ g
B 50+ -| 9 30 ©
E OI'I_| Il ||-I-|:|.—H| 1 Il In_” 1 il 0L 1 0
SEDV I LRI LED LD LR EQ LD
T T T ST I S S S S O O O O Y G Y Y G G
DA AR S

Bl 2 2018— 2023 4Rt i K AR A AR AR AR T AR AZ £l
Fig. 2 Changes in the frequency and area of algae blooms in Lake Dianchi from 2018 to 2023
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Fig. 8 Correlation matrix between monthly cyanobacterial bloom frequency, average bloom area,
average cyanobacterial density, and environmental factors in Lake Dianchi from 2018 to 2023
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