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G R A, [RINSS & KRAEEE 1 = b b BT iR 55 - GEE $1A 1 s B H A ae 11,
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R AR —E R BR8N S A7 A — 2 AN IS FH A o

25 I, RSO MODIS 45 28 Jgk TR 508 DL SR G A Bh 8l 1% B GEE = /b 31
B, % 2003—2018 4 Hr EWI Y chl-a ¥ FE AT WO, 4 H7 o ELSITA chl-a & BE 1Y 53 A1 4F
IE S B 28 AR AR O o [R] S IR 485 [ AR i e R I - L AL 28 B JOA SR AR
X i A chla VR EE R SZIR , IF o Ariiin v e A ) A 4 4 0 L iR 23 AR AR ARRTIE

2

2.1 FAREXER

W E R AR, MY R AR AR KRR, XA S SR 2, KA
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Fig. 1 Distribution of lakes and the lake regions in China
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I, 3 EA chl-a W ERAEYS . H DL K& 1Y chl-a Wk FE (AL
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(5) N BB 5 e 55 25 A0 5 L . N s 24 World Pop 4 BRH52 A 4R
P5, BRI N WorldPop M uh  (www.worldpop.org) , £ 5405 T 2000 4F LUK 1% 4 1%
A% BT N JE A AN B R A TR b 3R 5 2 B S MODIS 9 MCD12Q1 iy, 3£
LC_Typel /325hrifE, HZs [0 954 500 m, BFEIZPHER A1 a0 S T S ANRRA4 B X
RGP R AT 0T, A S 3 Y WA G b DOR XS P15 4 3R 1 28 B B Hie
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XA 934y, 2 o m R X P At 194>
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TR Z2 BRI — 2 B B8, X A28 S S AR B2 E AT 000, e (8 R AR s
g S 4 R, SR th 2 4 (EE, AR SCHE RStudio 4 T, T 20F A gbm
AT, IR gbm AT S EGH TR E, b G TR A B A
(n.trees) . ¢ %% (shrinkage) . 38 EER AL (cv.folds) . ALY S a0 E/ M4 (n.
minobsinnode) A MINFEALR L] (train.fraction) .

%1 E-TMODIS&E:EH OCIM EiESHEF

Tab. 1 Parameters of OC3M algorithm based on MODIS

%;&%ﬁ( o a a as n
EALlEN 0.2424 -2.7423 1.8017 0.0015 -1.2280

3.1 HAEFRESW

CEFERAT AT R AR A Y AE O, ARIEINA chl-a v B RT LKA 43
RFEFRMIN (chl-a < 3 pg/L) . FEFENA (3 pg/L < chl-a <20 pg/L) FIE E IR
(chl-a = 20 pg/L) 32K,

ASCRFHTHAAR 2 2003—2018 4F: chl-a ¥ B 2= SA(E -5 A A 7 v EA 8 IRk
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fi%, WEFRMNAKLZ, FERREPEIGE, X FEZIGMLEEBM, s
MKEPRAE R, MHESESEEEERIRESENIHNRLZ, KESEAFEERREY
TABCRED . WIITARAEPRE FRIRER (K 2e) TTAE L, Z3%0MITHERI 25 TR
A, Z190%MIEINARBUNHE TR, A T%NARI N B S TR
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Fig. 2 Seasonal and annual trophic status of Chinese lakes
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Fig. 3 Seasonal distribution of lake trophic status in each lake region
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3.2 i#iH chl-a iR ETAL 47
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H12003—2018 41 [E 2 46% AT chl-a e BEAEAA - FH#a3s, 20 S4% B RAR 8L T
Rt 82%IIIYA chl-a ¥k FEAE AR AL R (R 4 XHE /N T 0.5ug/(L a), HHp 24 529% )70
chl-a B AL R4 WHEAR T 0. 1pg/(L a), H1 ] LI H A FE RS20 1) chl-a ¥ B AR bR g £k
AR T 18%H WA chl-a e BEAEAS (LR B4 XHE K T 0.5ug/(L a), ZEILERIZ, XLt
WA 27 T s R X (62%) FISEHIIX. (19%), HAW X 53
3.3 A chl-aikEN T mEE S
331 EFHEEENPAMPEMEZRSH Wi ESRZRAIGEG8 . . &
{25 22 PR, AR SR 38 5 [ S 32 68 o 9 9A chil-a W68 B 25 20 A7 REAE A9 52 1)
RZGEATAHT : BRIIA R . IR AL . LB . k. W . Rk LA
S up XN B b B 25 28 5 FE AN D BUR A hy chl-a R AOSE IR 7, AR5 R R4 5% (=1 )5
P EAASZ M R -1 DTk, DA 2 W chl-a ¥ B2 B 25 43 1) 2252 R 2R

AKX AT =X SIEF WX, SFEPEBE . FaiaS5EST W
A 3 AR A T3 A 8 AT . R 2~R 4T IAE H, s EWIIA M) chl-a R
R E A2 BN K SRR, SR, WK AN, chl-a MR 51
GEP X AR 7 LA Ol TR A, ERIA AR chl-a R S AR RO L
BHOAKRKR FRRECN-0.18), BT & Hext b [ AT chi-a & B 1Y SRk %0
14%, XFAETT 2 X 9A A BTHR R R 33%. A W57 36 B 5 b A= 25 R G 78 T 3 Ak T U
BRI T HURE, RESTE— B P AR E IR AR HEA AR 2R, AU
BIRER AT IR AR e e LT SRS, k. HEROTEA DA CE S
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Fig. 4 Distribution of annual change rate of retrieved chl-a concentration of lakes in China from 2003 to 2018
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9 ] PN 00 2 1 L TR /K R MR T3 chil-a P25 70 A 1 R BN R L R AR S i 58 1
IRABL, RATHTAS A 1) chl-a Vi 55 8 K RITEN 26 I 2 =2 [ (R AR S

& 5 FIE 6 AT, T EZH 73%B0 1A chl-a W E 5K B REA G, THAI RS
5 DI TE AR e, 76 SR B IE A SC AT o 2 14% AR SEPE K T 0.5, kMl
}0.67. 297 T5%EATA chl-a e -5 1R 0 EE Z M 2 BEADE, Sh i EIE SR
#B, HH AT 0.5 B2 5 IEAH ST 26%, 1EAHSEMER KL 0.75, Hfiin]
PIBEH, WIFIEIE S chl-a ¥ 8 2 (R AHDCIE 2L 5 TR /K chl-a W B ARG HE . X FE A2 B
IEA SR IE B, BEIMGAAHCINAREZHA TH W0, EHAMCHRS . 1t
Ah, ASCHAH 2003—2018 41517 chl-a We | BK 5518 25 i i AR S A Ha 004 T 17 2840
AT, AR E AR G A, UERHAEAN R A B Ta) RUBE |, T8 3 1A I BE AR K 1 AR
A RHIA B IR AL R B A S ELA I A s 22 S AR rP E 4 AL, i R
BETH R SRR Z R T A B IR, ST I, W19 chl-a ¥ 3159 6L Fn %
IR BRI A A Rt —2E B A I 22 S (52 ), AR SO FH 84 56 [R] AR AR TR X 5 1)
chl-a V& 500 3 1R B R AHH SR R R T T 4007 0 Bra SRR, XM chl-a k&
SR EEARDCHE SRR AR (BTRRE R 38%) FIEGEE (DTRRE N 36%) . (XTI
1M chl-a ¢ SRR M B R I RT3 AN 2B (BTlRFN 62%) FEHR (TTik4%
F21%) o FrLh, B FAss O B 255, WAL T i AR i () 2% 22 6hib A 77 Ui
FE) A= W SR B SR St S PR 2 5
3.4 SIEFHE chl-aiREN G EIEZ S
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1700 i B 2E 76 %

®2 HEMIBREERS(%)

Tab. 2 Analysis of influencing factors of lakes in China (%)

SE[EIA A S SN 2 2 AR 3
AEHY MK (22) Fih b L (14) -
H B @41) b 7 EE(15) FZE[HIK(10)
2 HAWAEE(30) HEEIK(16) AR (13)
€= K IR (28) b H(21) HEIREK(17)
%7 K (24) ZEQ21) B K (20)

x3 FEZHMXEMERIH(%)

Tab.3 Analysis of influencing factors outside Qingyun Lake (%)

FEEFBWIX MR 1 SR 2 2 M2 3
a5 b A E(33) 54(19) ZRFE(15)
BE UNEIPX) K 21) K2R (18)
kS b H(42) ZPE(14) M4 (12)
(€= FRRK32) LR (25) R (13)
K7 AF(29) 13K (19) FRWZILE(16)

x4 BRHMRZIMEZR (%)
Tab. 4 Analysis of influencing factors in Qingyun Lake (%)

H X A E FEM R 2 2 R 2 3
iEYy KR FME (36) TR (18) AEHIE K (13)
B KK (38) HEMREE(16) —

ES KR (34) EFIREK(21) —
e K ZBFMRE (54) AEFIREIK(13) AT RA(13)
s ZFE(29) ESESTAGD) BT (14)

W, 104 M FALIGE, 41 ML F R, 27 ML TG, 24 TR TG, 1
A TFAEIGHE . FEXT A S TR AT T g i & B, 2 T AU AT FITRe I 34
WA AR B B RS, TR R B chl-a ¥R BE AR, HAFI9S R0
27.2 °CH127.4 °C, i 2 Z=0f i 8H chl-a 3¢ B de (i, HOSF SR 4500 17.3 °C I
14.3 °C, HMILATRIE W, RETEHA—E S5 RENARI Y L aEsgn, B
WFoE R SR & T—EwEE, MBI TN AR, ARy s, A
B, WA T AL A RN SIS R, RS B T X TR R A A P R
SRR ES

AR AT 3 2B SRS AR 1 A i 7 s, iz LIE R4 21 3
FEEFFRSRINIABCRAE 5 A 19 5 S . i TS Tp s ) R S 20
masvK, SO IR NN RZRMAFTUEFRE, MEREN LAEKEZ RN
B FRIRE, BERELRIMNEEIERE . M TRFIEM . JLIEHE R A I 34 15190 5 v
AT A ANES, BEAEEEREZNEEFRRE, MEE. MENLXERZE
BB FRIRS . B, (PR . m iR . 6B R B Y I, TR BT
A2 A YA 77 AT A W i B3 0 o TR T e R AR X AIEIIA Sk U, R RS R S
ditbiesr, hE RS2 HBIEA S,

Rt — AR A ST I chl-a W BE XS AR PR M 7, AR SCHR AR BT AL S Aty ot v
Gl S T dl, 3R15 T 2003—2018 4F 311 1924~ H (14 A s H #4100 . Bk AN
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Fig. 5 Distribution of correlationship between lake surface temperature and chl-a concentration
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Fig. 6 Distribution of correlationship between precipitation and chl-a concentration
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Fig. 7 Seasonal distribution of three types of lake trophic status in different climate zones

£5 BREFIKEZRX chl-a R0

Tab.5 Meteorological influences on Chl-a

B 5 AR AR B A S R A5G, R A TR AR
FRXFIAIA chl-a ¥ B 10 52 M5 50 10 T Ak 1) S XA
FYICR o BRILLIAN, XFprfa S ke, R
XFIYA chl-a ¥ B 52 M AR FL /N, 38 A 52 B0 40 i
o e . FIRAY . O e Ay, KU
XTI chl-a ¥ BE 3G IR 2] T — & MHIEN . &
AU X ARG R R B i 5 R 30

3.5 BEHA chl-a iRES I EZ S

Xof 2605 BH 9] 55 T 2003—2018 4F- 1 chl-a ik & 34T
THabr (E8) . TS EH FH WA chl-a iR &
ARAE AL N 0.031(ug/L a), HHOL AT UL, & BH 0 78 X
15 a NIZFHHEY A Y e/, thidfae . Beok,
2010 4 chl-a ¥ Bk BN BARAE, 33X J2 i T %0 FH 1 78
2010 AFE Az FF o FE M 2 i, 51 & oK Tk, AR
Sk, T ERH I Y Tl AR & R, N B
AW T, A A O R K S A T TS K
2, XAHAI P R SR TCALER S s, AT 0
TR B PR EAE ) A W e b, EUdRS FH I chl-a R
A LETHEHe,

VTR 2 v L N R AT, BT A R R HOE IR 78 2
SR, IR B TR AR
& 8 Wl & W VH ¥4 1Y chl-a ¥ B sh# Kk, 7F 2003
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Tab. 6 Analysis of influencing factors of chl-a concentration in saltwater lakes and freshwater lakes
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Spatio-temporal dynamic analysis of phytoplankton biomass
in Chinese lakes based on Google Earth Engine

HUANG Jue', LI Zhengmao', ZHANG Ke"?, JIANG Tao'

(1. College of Geodesy and Geomatics, Shandong University of Science and Technology, Qingdao 266590,
Shandong, China; 2. Ocean College, Zhejiang University, Zhoushan 316021, Zhejiang, China)

Abstract: With the impact of global warming and socio-economic development, eutrophication
has been observed frequently in Chinese lakes. Therefore, there is an urgent need to monitor
the phytoplankton biomass of the lakes. In this paper, 756 lakes with an area more than 10 km’
were selected as research objects. With the help of Google Earth Engine platform, we retrieved
the chlorophyll-a (chl-a) concentration from 2003 to 2018, revealed the seasonal and annual
nutritional status, and examined the spatio- temporal changes of the lakes. The relationship
between spatio-temporal characteristics of lake trophic status and meteorological phenomena,
socio-economy and lake features wers analyzed. The main conclusions are as follows: (1) The
change of lake trophic states in China has obvious seasonality and regionality. About 90% of
lakes were mesotrophic within 15 years of the study. In spring, most lakes in the plain areas of
eastern China, the Northeast China Plain and mountain regions were oligotrophic, while in
summer, many lakes turned into eutrophication. In comparison, most lakes on the Qinghai-
Tibet Plateau and the Yunnan- Guizhou Plateau were eutrophic in spring. The interannual
variations in chl-a concentration show that 82% of lakes in China had slight changes in chl-a
concentration (the absolute annual rate is <0.5), and the rest showed dramatic variations. (2)
The lake surface temperature and precipitation had strong influences on chl-a concentration.
For more than 70% of the lakes, the concentration of chl-a had a positive correlation with the
lake surface temperature and precipitation, most of which are located in the eastern and
northern China. The population in buffer zone, altitude, and geographical location of the lakes
also exert influence on the biomass of the phytoplankton.

Keywords: chlorophyll-a concentration; lake nutrition status; Google Earth Engine; Chinese
lakes; lake surface temperature



