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Fig. 1 Seasonal and interannual variations of the green tide coverage in the Yellow Sea
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Fig.2 The first appearing time and location of the green tide
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Fig.3 The variations of temperature and precipitation before the green tide trigger in 2016
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Tab.1 The relationship between temperature, precipitation and the green tide trigger from 2008 to 2017
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2012 4H21H 16
5H7H
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2013 5HOH 5H12H 3
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2015 5H2H S5H11H 9
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N SH1sH 11
x
N 5H26H 10
N
x
x
x 613H 17
N
N
v 5H27H 16
x

SH6H 12
N
v 5H21H 12
N

SH12H 16
N
v 5H14H 12
x
x
\ 5HI11H 14
N
N
N
N 5H13H 9
N

35.84% b 26.67%!"7, X K 545 B 5 3 WIAH X T
KRR 7K, i RN 2 A ol 3077 305 5 b DO f A 22 R
1) ZER R, I B Fe 32203 i3 Y Ui e 1E AV /K e,
HAB TS B n] 38 11.33 g/(m?-a). KL, K&K AT
DA 800 2 2 A T E I FR A 5 Fe FIF B I 1
JREICR, AFE A KRR E RIS . SR
T 7 R X S ) fi A 3 — RO PR EVE L, BR A
21190 X6k 5 R 16 DR IS 7 (Nitric Acid Reductase Activ-
ity, NRA) 525 SR, F 5 9 NRAmax 5 NRA “F-1
{HITEAE 15C fe K, H NRA Y 5 B A0 *}
BEREREMC, SamEEY iR En, FEHaT
JBE 35 E R & 0 T BESE R 15~25°C, Fead il

20°C ZF ik, 7 B 3 H ek W 5 AR K A TR
R K AT LA ) T 7K b AR B Y IR Eh S s A KT
7 B IR B G R AN Fe 55, 36 ‘B0 TR BE AU RL R K St )
P54 Ve o ) Y fih K
33 FHREARMEBESHESFT

Bl 1 FIE 4 BB S AR S A BLE, W
LIRS, R AR A ARG R, 26 A T A
KRB, &I T — Rk b B, Pt & e B Bt
T 30~40 d. Hid 2009 4F | 2016 4F | 2017 4F- 4
W 7 5 E R AR AR AR R, T IR R B B i R
o 1A K A i, AL IR 321 5L 181 £
180 fF, HARFAEEY R 12~82 f5 . BEEAFARE LI R



8 IR AR AR A N A B A AR T AR T AT

101

120°121°122°123°124° B 120°121°122°123°124° E 120°121°122°123°124° B 120°121°122°123°124° B 120°121°122°123°124° E

370 >55)]2()E 37 ! SA31H [ TGJ]SE B }5)1235 [745)]35
N | BiBE — W s N B " Wonn N B
36° 6ASH 6H23H 6A28H 6H13H SA3IH
350 6/125H TH2H 7TH6H 6/112H
34° (
|

33°
3z 2008 2009|| 2010 2011 2012
370 [ saz2im B sAism [ sAem W sam W sasA
N | [ | B W sn2sm | R - W sAvn
36° 671310 67121 6Hs5H 6H17H 6H4H

6H20H 4 6A18H 6A12H 6A25H 6A9H
35° ' b 4 L

e NS

34° o
33°
32° 2013 2014 2015 2016 2017,

Pl 4 S R i B B i 4R 23 A1 X 3

Fig. 4 The distribution of intensive areas in the rapid development stage of green tide
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Tab.2 Sea surface temperature, solar short-wave radiation,

and precipitation in the intensive areas in the fast development

stage of green tide from 2008 to 2017

PR R B TR] TR AT IELEE/ °C R BH R /W m * /K /mm

2008 5H20H E6H25H 17.38 258.89 131.81
2009 SH31H#E7H2H 20.39 276.84 41.11
2010 6 HSHZE7H6H 20.66 275.34 49.03
2011 5H28HFE6H13H 17.52 276.40 14.15
2012 5SH3H#E6H12H 16.75 282.09 7.86
2013 SH21H&E6H20H 17.42 259.60 103.72
2014 5H15HE6H18H 17.75 266.58 101.49
2015 5H16HE6H12H 17.51 272.49 37.81
2016 5SH17H &6 H25H 18.72 252.12 131.70
2017 SH19H E6A9H 18.30 284.89 20.22
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Fig. 5 Correlation of the green tide coverage area and precipitation in intensive areas in the rapid development stage of green tide
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Tab.3 Sea surface temperature, solar shortwave radiation, and

precipitation within the study areas in the green tide depletion

stage from 2008 to 2017
EIR I ] TR EE/ °C K P P4 5 /W -m 2 Bk 4/ mm
20084E7H6H 28 H9H 24.29 235.68 131.10
20094F7H2H E=8H 13H 24.56 239.41 181.66
20104E7H6H Z=8H 8H 25.46 254.23 94.77
20114E7H4H =8 H4H 23.38 211.44 268.90
201246 H20H &8 H6H 23.75 249.93 201.95
20134E7HSHZE8H8H 25.08 241.53 104.59
20144F7H3H E8H 15H 24.66 244.85 85.06
20154F7H1H &8 14H 24.79 241.47 142.87
20164F7H2H E7H29H 24.72 246.71 84.22
201746 HOH ZE7H 11H 22.50 262.97 93.56
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The role of ecological factors in the progress of the
green tide in the Yellow Sea

Bai Yu', Zhao Liang', Liu Jingzhou'

(1. College of Marine and Environmental Sciences, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: The green tide occurred in the South Yellow Sea for 10 a from 2008 to 2017, affecting aquaculture, tour-
ism and the safety of shipping in surrounding coastal cities. Studying the progress of the green tide and their influen-
cing factors are of vital significance for understanding the distribution characteristics of the green tide in the South
Yellow Sea and for preventing and controlling the green tide disaster. MODIS L1B data is used in this paper and
normalized difference vegetation index is applied to extract related information of the green tide. According to the
variation characteristics of the coverage area of the green tide, the whole progress of the green tide is divided into
three stages: trigger stage, fast development stage and depletion stage. And the effects of sea surface temperature,
precipitation and short-wave radiation on the variation of the green tide were analyzed. The results show that in the
trigger stage, when the temperature is over 15°C, effective precipitation can stimulate the triggering of the green
tide. The green tide can be detected by MODIS image within half a month following the effective precipitation. In
the fast development stage, the sea surface temperature at the location of the green tide is 16-21°C, which is suit-
able for the rapid growth of the green tide. The solar short-wave radiation is concentrated in the range 0f250~280 W/m?,
and the precipitation is important for the growth of the green tide during this stage. The peak coverage area of the
green tide is low when precipitation is small, while the precipitation is extremely high in 2016 when the peak cover-
age area is the largest. During the depletion stage, the sea surface temperature rises to 22-26°C. When the green tide
disappears, the average sea surface temperature exceeds 26°C, and the highest temperature reaches 27.48°C. The
high sea surface temperature is one of the main factors for the demise of the green tide. The solar short-wave radi-
ation is concentrated at 240-260 W/m?, which is slightly lower than that in the fast development stage. The precipit-

ation is relatively sufficient in this stage and no longer affects the growth of the green tide.

Key words: green tide; outbreak and extinction; sea surface temperature; short-wave radiation; precipitation; south Yel-

low Sea
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