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Fig. 1 Location of study area and spatial trends of annual chlorophyll @ concentration in the Bohai Sea over the past two decades
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Tab.1 Chlorophyll a concentration data

TE iR it ] 3L Rl BRI R 2SR
20024E7H4H =
Aqua MODIS H1E 4 kmx4 km
20184FE8 H29H
19974F9 H4H &
SeaStar  SeaWiFS HfE 10 kmx10 km
20104127 11 H

Xt DV E 9 A EROE, R S AR AR R R
7R EATAL BE, 25 R? & T 0.5 I, EATACE, SRS &

Is T RART 0.5 EHR A HEATROE, BHEHTEIT,

HEAEG, B E 03 E, JEE S0 H R
H. F&ETOoSMAMBA2H . 3A.8H.94.
10 HF12 H .

EXENFETHRER o WA EN B A E
BAEEERE . A3 0 E—4EN 12 HREAFE2 A,
HER3I-SH, ZEERH6-8 A, FkFHo-11 H.

A MG ER o W ZS [a] 2Pk 3
JZFF Google Earth Engine 11534538, Xf T ax4gnt ¢
Ko W, BB 42 o W H (8508 7 1L il AR
B, P8 O b AR AR (R R 1 [T 0 7 7, X SeaWiFS
M2k R a W EEEIEITIOE, 2R 5 MODIS 4 #£17
Gt IR MBS RSN 1998-2017 4F ., X T H{H
Bodl, R 5 AR E B 2L 07 B B4R B, X T R
F 0.5 MBI RN EATRIE, HEEHAT &I EEED,
WU & 0 Y8, AE RS ARy Bk A . IE/
Ay R] bk 4 X A (E 5 . &A= 2
R a WRBEEAE N i A E R - 215 31

FrA M5 2R o W AR E S LB R S 10 4R
SEXME AT FRT 10 4588 11 45 0 I E AR L%
2.3 FEKHIERAESTE

R K B8 ok BT 9% R 98 4% A 2 K 2 (Uni-
versity of East Anglia) i J] ~F- 14 iy 38 < fige 5 3 Hh 46 46
CRU ST4.01 (http://www.cru.uea.ac.uk/), FH:f}[6] 5 B Ky
19012016 4, %3 1] 43 B % 2hy 0.5°%0.5°0 FRAT7{f
NCL ¥ H 11 19972016 4F R MK & . HI T4 it
K B A Sl R DL R 1
24 BEFEREBEHERLETE

TRE T 2% T IR R R ok BT 06 [ B R OR R
& # J5 ( National Oceanic and Atmospheric Administra-

tion, NOAA) 55 AR A5 A8 7. HLk () 125 i o

3 h. FATLE Google Earth Engine P {8 H: 4% 1k 1l H
EEE G, BRI Access TH3 15 21 A {8 £ 4 147
B o A2 IR I T AR TR O ) e R
S SECEIN

2.5 RURBER LSBT E

R EE R BT NOAA 5 — MU B 4217
L ] 5 B2 O 1988 4R 2 4, 25 [H] r BE R 0.25°%
0.25°, IF[A] 73 BE R0 3 ho A5 073k 5 9 3 il
VB A 3 TR
2.6 FESHSEITRBFENER D

AR T HES 88 11K 5 (Mann-Kendall, MK)
SIMT TR Y R AR R4S FE 0 A O B i R R
a e JE MR H AT T 0, HIEAR BT - i
WAL 8 R () = 1,2, m), 5E LGETHE

.
dk=Zm[ Q2<k<n), (D

A, mAx > x, (1< j<IREAR BRUB
A YA J7 28 LN

BUE: Ed) = k(k4_1) Q2<k<n), (2)
TP Var(dk)zw 2<k<n). (3)
LIS [A] P BB AR B R e X Gevt

0 k=1 (4
UF":{ % Q2 <k<n).

Gt UF KT 0 ZoRBEmEHE, KT 1.96 £R
BRI E T 95% 1Y E A5 K, HARIHEAE Mat-
lab qjéﬁ*%l\j\ﬂziylbo

3 4R 5ihe

31 MEREa REREE LT

M 19982017 4F, ¥ 2 4F M 4 R o R EE LM
PR, AR RN 0,052 2 mg/(m-a), BN T 14.1%;
M\ 19982010 4 52 sh MG hnta #4; 20102015 4R35k
B S mg/m® £ EE X, HIRILE BT R R,
TE 2008 4F HY B — A B G f A IR (B 2, 3 2),

5.2]

5.0
P 4,85
2456]
4.4+
% 427 .
®40]--Y

—
= 3.8

1=0.052 2x+3.935

— MRk
-- - - M

3.6

Bl 2 1998-2017 AFighify A AF I 4 5K a WAL 1L
Fig.2 Changes in annual chlorophyll a concentration in the
Bohai Sea from 1998 to 2017
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Tab.2 Changes in annual and seasonal chlorophyll a concentration in the Bohai Sea over the past two decades
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chlorophyll a concentration in the Bohai Sea over the past two
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Fig. 5 Changes in monthly chlorophyll a concentration in the Bohai Sea over the past two decades
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Tab.3 Changes in monthly chlorophyll a concentration in the Bohai Sea over the past two decades
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Fig. 6 Spatial trends of seasonal chlorophyll a concentration in the Bohai Sea over the past two decades
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Fig. 7 Spatial trends of monthly chlorophyll @ concentration in the Bohai Sea over the past two decades
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Tab.4 Changes in precipitation, sea surface temperature and wind speed in the Bohai Sea over the past two decades
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Temporal and spatial changes in chlorophyll a concentrations in the Bohai
Sea in the past two decades

Tian Hongzhen '*, Liu Qinping', Joaquim I. Goes”, Helga do Rosario Gomes”, Yang Mengmeng®

(1. School of Economics and Management, Tianjin Polytechnic University, Tianjin 300387, China; 2. Lamont Doherty Earth Observatory,
Columbia University, New York 10964, USA; 3. Graduate School of Environmental Studies, Nagoya University, Nagoya 4648601, Japan)

Abstract: Phytoplankton, as the base of the oceanic food chain, plays a fundamental role in marine ecosystems.
Since the Bohai Sea, the largest inner sea in China, is an important spawning ground and nursery field as well as a
feeding ground for marine creatures, it is critical to understand variations of phytoplankton in the area. Chlorophyll
a (Chl a) concentration is an important proxy for phytoplankton biomass. Chl a derived from both the Sea-viewing
Wide Field-of-view Sensor (SeaWiFS) from 1997 to 2010 and the MODerate resolution Imaging Spectroradiomet-
er (MODIS) sensor on satellite Aqua from 2002 to 2018 were combined into one time series to investigate the spa-
tial and temporal variability of Chl a concentrations in the Bohai Sea using Google Earth Engine. Annual Chl a con-
centrations increased significantly by 14.1% in the study area over the past two decades. Chl a concentrations in
every season and in all months except November have stagnated or increased. Chl a concentrations increased
mainly in the middle part of the sea. Sea surface temperature (SST), wind speed and precipitation were also ana-
lyzed. Increases in precipitation over the land around the Bohai Sea and wind speed in summer, as well as decrease
in SST in autumn, all contributed to the rises of Chl a concentrations. Nutrients from land may play an important

role in phytoplankton growth.

Key words: chlorophyll a concentration; precipitation; sea surface temperature; wind speed; SeaWiFS; MODIS Aqua;

Google Earth Engine; Bohai Sea
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