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Climate change has been recognized as a major 
challenge that needs to be addressed globally  

In 1966, the World Meteorological Organization (WMO) 
proposed the term climatic change to encompass all forms of 
climatic variability on time-scales longer than 10 years, 
whether the cause was natural or anthropogenic 

 When it was realized that human activities had a potential 
to drastically alter the climate, the term climate change 
replaced climatic change as the dominant term to reflect an 
anthropogenic cause. 
 
Climate change, used as a noun, became an issue rather than 
the technical description of changing weather.[6] 

https://en.wikipedia.org/wiki/World_Meteorological_Organization
https://en.wikipedia.org/wiki/Climate_change


Satellite Remote Sensing  

遥感----远离地球，利用物体的光谱特征获取其空间信
息，从而认识物体空间属性的技术。 



Ocean  

Phytoplankton  

悬浮沉积物 
 
 
DOC 

Ocean Color 
Remote Sensing 



Marine Primary Production  
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Phytoplankton  

参与能量传递 
生源要素循环 

 

藻华 

生物资源 
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Respirations  



台风玛姬 

2013 青岛浒苔 

阿拉伯海藻华 夜光藻赤潮 山东日照 

印度洋海啸2004 
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Climate Changes /Natural Hazards  

California Noctiluca ？ 



1. critical depth hypothesis 

：  

 

 

                        

 

 

由局地形成 
时间位置较为固定 
持续时间较长 

主要解释 藻华  

Phytoplankton Blooms  

在营养盐对浮游植物的生长无限制作用时 

 2. “Eutrophication” 

 

 

 

 

         

                            

 

 

 

Gran and Braarud 1935 提出 

human activities-  

（Edmondson， 1975） 
（Sverdrup 1953）.  

混合层深度< 临界深度时， 

海洋藻华才可能发生 

Nutrient /light-
temperature  

https://en.wikipedia.org/wiki/File:Harald_Ulrik_Sverdrup.jpg


半个多世纪以来， 这些理论得到细化、深化、和发展 

临界深度假说 
critical depth  
hypothesis 

临界湍流假说 
the critical 
 turbulence H 

干扰-恢复假说 
disturbance- 
recovery H 

但是仍然不能解释很多海洋藻华现象 

 
Ｎ 
Ｐ 
Ｎ：Ｐ 
Fe 

critical depth hypothesis Eutrophication 



 无法解释 

 卫星遥感发现的海洋大藻华： 

 混合层深度 〉临界深度 
非富营养化海域 (南海测不出N） 
时间与海域复杂多变 

 

非 局地形成 
形成时间与位置不固定 
持续时间较短 

SeaWiFS卫星 
夏季叶绿素含量 



Co2 

Climate Changes 

Marine system 

Dr. Hongbin LIU
liuhb@ust.hk

Marine Plankton Ecology
Factors that control plankton biomass, diversity, growth, mortality 

and physiological status in a variety of aquatic ecosystems 

2 The effect of atmospheric 

deposition on oceanic primary 

production and the dynamics 

of microbial communities

3 Trophic interactions among 

planktonic food webs, and its 

implication to oceanic carbon 

flux

4 Phylogenetic and functional 

diversity of marine microbial 

community and its role in 

biogeochemical cycling of 

carbon and nutrients

Coastal eutrophication, 

harmful algal bloom and 

hypoxia in coastal waters

1

Project & Interests:

Dr. Hongbin LIU
liuhb@ust.hk

Marine Plankton Ecology
Factors that control plankton biomass, diversity, growth, mortality 

and physiological status in a variety of aquatic ecosystems 

2 The effect of atmospheric 

deposition on oceanic primary 

production and the dynamics 

of microbial communities

22 The effect of atmospheric 

deposition on oceanic primary 

production and the dynamics 

of microbial communities

3 Trophic interactions among 

planktonic food webs, and its 

implication to oceanic carbon 

flux

33 Trophic interactions among 

planktonic food webs, and its 

implication to oceanic carbon 

flux

4 Phylogenetic and functional 

diversity of marine microbial 

community and its role in 

biogeochemical cycling of 

carbon and nutrients

44 Phylogenetic and functional 

diversity of marine microbial 

community and its role in 

biogeochemical cycling of 

carbon and nutrients

Coastal eutrophication, 

harmful algal bloom and 

hypoxia in coastal waters

1 Coastal eutrophication, 

harmful algal bloom and 

hypoxia in coastal waters

11

Project & Interests:

Driver？ 
Ocean dynamic ？ 
Climate changeMarine EcosystemPhytoplankton?  

Scientific question  

Phytoplankton  

wind 



Sciences  

2015年，Science publish 5 papers 



Tang et al., JGR, MEPS, JGR, JGR 
Tang et al., MEPS 

Cold eddy –upwelling-phytoplankton bloom / DanLing TANG 

Upwelling  
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Tang DanLing 唐丹玲 

Tang DL et al., 2004, GJR 
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Offshore water?  
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A. SST July 23, 2002  

B. Wind July 13-20, 2002  

MR 

MR 

2 
1 

1
0

8
E 

1
1

2
E 

BTP 

BTP 

15 

10 

5 

31.5 
 
30.5 
 
29.5 
 
28.5 
 
27.5 
 
26.5 
 
25.5 
 
24.5 A

V
H

R
R

 S
ST

 (
o

C
)  

Q
u

ik
Sc

at
 w

in
d

s 
(m

s-1
) 

Tang et al., 2004. JGR  

Wind Pump 

 



Peninsular  
of Indochina 

Gulf of  
Thailand 

Offshore bloom in  

southwest monsoon 

season 

Southwesterly winds 

and Ekman 

transport  favorable 

to coastal upwelling 

BTP 

Peninsular  
of Indochina 

North 

Northeasterly winds 

and Ekman transport 

favorable to the 

coastal jet . 

Offshor

e bloom 

in 

northea

st 

monsoo

n 

season 

E 

E 

BTP 
BTP 

SCS 

C 

Tang et al., 2006, JGR 



0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Aug
-97

Feb
-98

Aug
-98

Feb
-99

Aug
-99

Feb
-00

Aug
-00

Feb
-01

Aug
-01

Feb
-02

Aug
-02

Feb
-03

Aug
-03

Feb
-04

Aug
-04

month(1997 to 2004 )

Ch
l-
a(
mg
 m

-
3
) ? 



 



 

Wind pump  



Wind is very 
important! 
 How about Typhoon? 



? Marine ecosystem phytoplankton 

Climate Change  SST –> Typhoon  



Typhoon  impact 
on Marine 
Ecosystem 
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QuikScat 
Wind 
Vectors (m/s) 

HNI 

HNI 

0  10  20  30  

SCS 

SCS 

SCS 

A3. 22:36, Sep 25 

A4. 11:26, Sep 26 

HNI 

China 

China 

B1. 2005 

B2. 2002-2004 

Modis Chl-a (mg m-3) 

a 

b  

1
.6

  

2
.0

  

2
.4

 

2
.8

  
3

.0
  

1
.2

  

0
.8

  

0
.4

  

0
  

HNI 

HNI 

B. Post-typhoon Chl-a 

DanLing TANG 

Zheng and Tang, MEPS 2007  

Damrey, 
Sep 2005  



Offshore and nearshore chlorophyll increases induced 
by typhoon and typhoon rain.  

 Offer shore 

Near shore 

 Guangming Zheng and Danling Tang, 2007,  
Marine Ecology Progress Series, 333：61-74，2007 (SCI)   
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• intensities /Wind Speed? 

• translation speeds 

Zhao H, DanLingTang, Wang Y. 2008 MEPS  



Weak, slow moving (2.87 m s-1)   

KT 
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5. phytoplankton bloom 

2. Lingering & looping 

3. Vertical pumping 

1. Cyclone Linfa wind 

4. Upwelling & entrainment 

6. Sea surface currents (little white arrows) 
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the super-typhoon Nanmadol  
on  22 - 30 August 2011, 



Horizontal distribution of DO concentration  

(in mg l1) at different depths at 19–22N, 116–120E (a–g). 

Jingrou Lin, Danling Tang*， Werner Alpers, Sufen Wang， 2014.   
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 2013, ASR 

(1) Increase in fish abundance during two typhoons in 

the South China Sea 



New records 

Yu & Tang, 2013, ASR 
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Ocean remote sensing – ocean science -Milestone。   
 
Ocean Color remote sensing –Chl-a – relate 

marine biology –。 
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Variables Production Sensor Duration 

SST Pathfinder monthly SST AVHRR/NOAA 1981.09 – 2006.12 

Monthly 11um Night SST MODIS/Aqua 2002.07 - present 

Level-2 EDR SST VIIRS/SuomiNPP 2012.01 -  present 

Chl Chlorophyll concentration CZCS 1978.10 - 1986.06 

Chlorophyll concentration OCTS 1996.11 - 1997.06 

Chlorophyll concentration SeaWiFS 1997.09 - 2010.12 

OCI algorithm Chlorophyll MODIS/Auqa 2002.07 - present 

OCI algorithm Chlorophyll VIIRS/SuomiNPP 2012.01 - present 

SSS Sea surface salinity V4.0 Aquarius 2011.08 - present 

Level 2 Ocean Salinity SMOS 2010.12 - present 

SSH Sea level TOPEX/Poseidon 1992.08 – 2005.12 

Sea level Jason-1 2002.01 – 2013.06 

Sea wind Sea surface winds SeaSat 1978.06 – 1978.10 

Weekly sea wind QuikSCAT 1999.07 – 2009.11 

Sea wind ASCAT/Metop-A 2006.10 – 2007.04 

Rainfall 3B43 TRMM 1998.01 - present 

Available satellite remote sensing 



Monthly averaged SST data in different time. (A) SST derived from the AVHRR sensor onboard 
the satellite NOAA-7 in September 1981, and (B) SST derived from the MODIS sensor onboard 
the satellite Aqua in April 2015. 



Area-averaged time series MODIS/Aqua night SST 4km 

resolution during Jul 2002 – May 2015 



Monthly averaged Chlorophyll concentration in December in different year. (A) Chl 

derived from CZCS data in 1978, and (B) Chl derived from MODIS/Aqua in 2014. 



Area-averaged time series MODIS/Aqua Chlorophyll 4km 

resolution during Jul 2002 – May 2015. Region 54-57E, 9-12N 

(A), and region 87-90E, 9-12N (B), which corresponding to the 

blue boxes 1 and 2 in Fig. 4B, respectively. 



 Monthly SSS in Apr 2015. Data from 
http://oceancolor.gsfc.nasa.gov/cgi/l3 



A snapshot of sea level anomaly on Apr 29, 2013. The 
spatial resolution is 1/4°x1/4°.  



 

September 1981 

in April 2015. 

SST data  



 

 Monthly SSS in Apr 2015. Data from 
http://oceancolor.gsfc.nasa.gov/cgi/l3 



Coastline monitoring  

Coastline monitoring in the southwest of Singapore. 

Landsat MSS，1973/10/17 Landsat TM， 1989/08/20 

Landsat ETM+，1999/09/01 Landsat ETM+， 2002/04/02 

80 



Coastline monitoring  

Coastline Change (1973-1989) Coastline Change (1989-1999) 
 

Coastline Change (1999-2002) Coastline Change (1973-2002)  

Coastline monitoring in the southwest of Singapore. 81 



Spatial differentiation  

1975 2010 

In 35 years, the expansion rate of construction area was rapid.  
82 
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5. phytoplankton bloom 

2. Lingering & looping 

3. Vertical pumping 

1. Cyclone Linfa wind 

4. Upwelling & entrainment 

6. Sea surface currents (little white arrows) 
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Chen, Tang , 2011, IJRS 

 Yongqiang 
CHEN, DANLING TANG, 
2012,  
 
Eddy-feature 
phytoplankton bloom 
induced by tropical 
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China  Sea,  
 
International  Journal of 
Remote Sensing. Vol. 33, 
No. 23, 10 December 
2012, 7444–7457.（SCI） 
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