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(Doney et al. 2009) 

(Breitburg et al. 2018) 



(Levin and Le Bris, 2015) �



Impacts of deoxygenation on ecosystems �

(Breitburg et al. 2018) 



（1）海水交换不畅+（2）有机质输入消耗氧气 

Hotspots of deoxygenation �

  Deoxygenation and hypoxia in coastal waters and open ocean  

  has been a global environment issue. 

(Breitburg et al. 2018) 

ü    OMZ is expanding. 

ü    More and more hypoxic zones in the coastal area.                     
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（1）海水交换不畅+（2）有机质输入消耗氧气 

Study area!

1)  Long-term data along the section (1976-2006)  

of Chengshanjiao-Dalian in the NYS: 

temperature, salinity, DO, Nutrient, O2%, AOU 

2) Sea surface Chl-a derived from multiple- 

satellite products of SeaWiFS and MODIS 

Data:		



Winter

50

40

30

20

10

0

D
ep

th
 (m

)

A B

1.5

2.0

2.5

3.0

3.5

4.0

50

40

30

20

10

0

D
ep

th
 (m

)
31.2

31.3

31.4

31.5

31.6

31.7

31.8

31.9

32.0

50

40

30

20

10

0

D
ep

th
 (m

)

1024.9

1025.0

1025.1

1025.2

1025.3

1025.4

1025.5

37.5o 37.7o 37.9o 38.1o 38.3o 38.5o 38.7o

50

40

30

20

10

0

D
ep

th
 (m

)

320

325

330

335

340

345

50

40

30

20

10

0

5

7

9

11

13

15

17

19

21

23

25

Summer

50

40

30

20

10

0

30.4

30.6

30.8

31.0

31.2

31.4

31.6

31.8

32.0

32.2

50

40

30

20

10

0

1020

1021

1022

1023

1024

1025

37.5o 37.7o 37.9o 38.1o 38.3o 38.5o 38.7o

50

40

30

20

10

0

210

220

230

240

250

260

270

280

A B

a
Temperature

e

Salinity

b

Density

c

DO

d

f

g

h

(E) (E)

YSWC YSCWM

Ver)cal	mixing	winter	

Stra)fied		summer�

Cl imatologic	 ver)cal	

distribu)ons:	 �



Ø    Temperature: increased 

Ø     Salinity: almost no changes 

Ø    DIN and  N/P: increased 

Ø    DO: decreased 

      (~0.76 and ~0.78 µmol kg-1       

       yr-1 in surface and bottom  

       , respectively) 

Ø     DO saturation and AOU:  

       almost no changes 

Winter �(Surface) � (Bottom) �



Summer �

Ø    Temperature and salinity:  

      almost no changes 

Ø    DIN and  N/P: increased 

Ø    DO: decreased in bottom 

      (~1.43 µmol kg-1 yr-1) 

Ø    DO saturation: decrease in bottom 

Ø    AOU: increased in bottom 

(Surface) � (Bottom) �



Winter deoxygenation �

Ø  In winter, when the water column is vertical homogeneous, DO at near-

saturation  indicates that physical mixing overwhelmed biological 

activities, and a linear correlation between DO content and seawater 

temperature suggests that warming is the most plausible driver of 

deoxygenation in this region in winter.  

Rela)ons	between	the	annual	average	DO	content	and	temperature�
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c. Phosphate

Summer deoxygenation �

Ø  In the stratified summer, increased nutrient availability and consequently enhanced 

productivity are reasonable for the drawdown of DO in the bottom layer, and the 

stoichiometric pattern between DO depletion and N also suggests a cascading linkage 

between the eutrophic conditions and bottom deoxygenation.  

Climatologic	distribu)ons:	 �
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Conceptual view of deoxygenation 

Showing the different mechanisms of DO declining in seasonality �

(Wei et al, under review) �



Ø  Shows the drawdown of DO in winter and in the bottom layer in 

summer (~0.76 and ~0.78 µmol kg-1 yr-1 in surface and bottom in 

winter, respectively; ~1.43 µmol kg-1 yr-1 in summer), which is 

companied with seawater warming (especially in winter) and 

enhanced nutrients.  

Ø  In winter, seawater warming is the most plausible driver of 

deoxygenation in the NYS.  

Ø  In the stratified summer, increased nutrient availability and 

consequently enhanced productivity are reasonable for the 

drawdown of DO in the bottom layer.  

Concluding remarks 



 谢谢大家 ! 
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