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Driver？
Ocean dynamic ？
Climate changeMarine EcosystemPhytoplankton? 

Scientific question 

Phytoplankton 

wind



“Wind Pump”? 

Is a series of processes 
driven by wind 

that influence ocean 
currents and water 
movement 

which subsequently 
affects ocean’s 
ecological status. 



1. critical depth hypothesis

：

Local 
Time 
Period 

Bloom 

Phytoplankton Blooms 

在营养盐对浮游植物的生长无限制作用时

Gran and Braarud 1935

（Sverdrup 1953）. 

Mixing depth < critical depth 

1.  depth hypothesis

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


Local 
Time 
Period 

Bloom 

2. “Eutrophication”
human activities  

（Edmondson， 1975）

Nutrient /light-temperature 
2. Eutrophication hypothesis



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



?
 Ocean phytoplankton bloom observed from 

satellite： Mixing depth 〉 critical depth 
No Eutrophication
 (no N) 
Time and location 

No local 
Time and location changed
Short period 

SeaWiFS
Chlor



Ocean 

Phytoplankton 
悬浮沉积物

DOC

Ocean Color 
Remote Sensing



Marine Primary Production 





Local bloom
time period (season)
Long duration 

Explain Phytoplankton bloom 
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Phytoplankton 
Bloom –wind 
pump induced



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

Cold eddy –upwelling-phytoplankton bloom / DanLing TANG

Upwelling



B
Mekong  
River

Tang DanLing 唐丹玲

Tang DL et al., 2004, GJR
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Offshore water? 

A. Sep 5 1998





A. SST July 23, 2002 

B. Wind July 13-20, 2002 
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Wind Pump



Peninsular 
of Indochina

Gulf of 
Thailand

Offshore bloom in  
southwest monsoon 
season

Southwesterly winds 
and Ekman 
transport  favorable 
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Wind pump 



Wind is very 
important!

How about Typhoon?



Typhoon  impact 
on Marine 
Ecosystem

中科院南海海洋研究所 唐丹玲

Remote Sensing Observations Marine Environment and ecology
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?Marine ecosystem phytoplankton
Climate Change  SST –> Typhoon 
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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)

http://lingzis.51.net/papers/m333p061.pdf
http://lingzis.51.net/papers/m333p061.pdf
http://lingzis.51.net/papers/m333p061.pdf
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• intensities /Wind Speed?
• translation speeds

Zhao H, DanLingTang, Wang Y. 2008 MEPS



Weak, slow moving (2.87 m s-1)   KTStrong, fast-moving (4.4m s-1) 

MEPS 2008

Tang DanLing 唐丹玲

Wind 

SST

Chl a



(Chen & Tang, 2010,IJRS)
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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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Wind pump 
effects on 
marine ecosystem 
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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.  
Advances in Space Research。http://dx.doi.org/10.1016/j.asr.2014.01.005

http://lingzis.51.net/papers/90-lin-%20DO-typhoon.pdf
http://lingzis.51.net/papers/90-lin-%20DO-typhoon.pdf
http://dx.doi.org/10.1016/j.asr.2014.01.005


Horizontal distribution

The Chl-a  (mg m3) 

SST (C) 

8-day 
composites 
retrieved from 
MODIS data 

SLA (cm)   weekly 

retrieved from 
altimeter data 
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Enhanced sea-air CO2
exchange

influenced by a tropical depression

in the South China Sea

QY SUN, DL TANG, Louis Legendre, P Shi, GJR, 2014



Temperature 
decrease 

DO
Increase Vertical  

mixing 
+ 

Upwelling

Kuroshio

Chl-a 
increase

Nutrient 
increase

Fig.9

+

Entrainment

Typhoon



a ba

TD   track

A tropical depression (TD) in the SCS

April 2011

South 
China 
Sea 



Pre-existing 
cold eddy

Typhoon Strong 
wind

Ekman 
transport

Eddy-driven
uplifting

CO2

Freshwater 
from Mekong 

River

Enhanced
eddy-driven uplifting 

Wind-driven 
uplifting

Dilution: low 
SSS

Enhanced 
cold eddy

1. Surface water
diluted by heavy rain, 
with low pCO2,sw

2. TD uplifting eddy-
driven high pCO2,sw

change temporarily 



Yu & Tang,
2013, ASR

(1) Increase in fish abundance during two typhoons in 
the South China Sea



New records

Yu & Tang, 2013, ASR

②species number 





Tang

3 Nutrients 

4藻华 2

4 algal blooms

3 Nutrients

Wind Pump 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~

Primary production 
Marine ecosystem

Remote sensing

Climate  “wind pump”       Nutrient     algal bloom Primary 
production  

Respond 

Drive Control Chang einfluence

Wind driven algal bloom in the open oceans 

Wind pump 

能量传递



“Wind pump” 

• Is a series of processes 
driven by wind that 
influence ocean currents 
and water movement which 
subsequently affects ocean’s 
ecological status. 



“Wind pump” 

• Is to change the transport of 
nutrients, promote the cycling of 
major elements in the ocean, thus 
drive primary production and 
marine ecosystem and affect 
carbon fixation and global fishery 
resources. 



Remote sensing 
ecology



Fig.4 Distribution of (a) Total chlorophyll a concentration merged with SLA (Sep. 2014); surface
concentration of (b)picophytoplankton; (c)Nanophytoplankton; (d)Microphytoplankton during in situ
observation.

surface size structure



图5 断面（a）T1、（b）T2、（c）T3、（d）T4、（e）T5、（f）T6 上各站点表层不同粒径大
小占总叶绿素的比例。灰色背景表示急流区域。
Fig.5 Percentage contribution of various size fractions of phytoplankton to the total chlorophyll in
surface of (a)T1, (b)T2, (b)T3, (d)T4, (e)T5, (f)T6. Background in grey represents stations in jet area.



图6 叶绿素a浓度与（a）微微型浮游植物的比例；（b）微型浮游植物的比例；（c）小型浮游植物的比例的相关性。（d）温
度与盐度的相关性。

Fig.6 Correlation between in situ sea surface total chlorophyll a and percentage of (a)
picophytoplankton, (b) nanophytoplankton and (c) microphytoplankton (d) Correlation between in
situ surface temperature and salinity.













Fig.7 Conceptual sea surface size structure characteristics of phytoplankton and its influence mechanism

in summertime western South China Sea.
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Nested-grid ocean circulation model (ROMS)

Level-1 Model  Level-2 Model  
China TW

Luzon

Horizontal grid size 1/18°(~ 6 km) Horizontal grid size 1/54 ° (~ 2 km)
40 sigma levels 40 sigma levels
Boundary condition: SODA 

Topography data: GEBCO
The surface forcing: CFSR (0.3°)+parametric vortex 

Depth (m)



The SST comparison between model and 
remote sensing data

Model                           Remote sensing data

GHRSST L4 OSTI data (~ 5 km)

°C

14/26



Storm-induced surface circulation and SST change

A
B

°C
(Vortex Run – Smoothed Run)



MODIS surface chl-a concentration
𝑚𝑚𝑚𝑚 𝑚𝑚−3

MODIS-derived sea surface chl-a concentration. (a) Before 
cyclone Linfa and (b) after cyclone Linfa. The red dashed 
line represents the storm track.



The typhoon induced 
ocean response due to 
vertical mixing 

The typhoon induced 
ocean response due to 
upwelling + vertical 
mixing 

Vortex Run – Smoothed Run Vortex NoAdv Run - Smoothed NoAdv Run
The advection terms in the model tracer 

equations are switched off

°C °C



•How important
•Ocean color ??



Ocean Color remote sensing –Chl-a – relate marine 
biology –。

• Multi –
• channel 
• Sensors
• Satellite
• Access
• ….people

“Remote sensing of Marine Ecology 

Milestone

• Satellite remote sensing, in Ocean Sciences
• Ocean color- Marine Biology marine Ecology 

Milestone
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3 Nutrients 

4藻华 2

4 algal blooms

3 Nutrients

Wind Pump 
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Primary production 
Marine ecosystem

Remote sensing

Wind Pump 风泵



South China Sea 
Institute of 
Oceanology

Chinese Academy 
of Sciences合lingzistdl@126.com, 13924282728
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• 1, 
• 2, 
• 3. Wind pump 



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。



• Multi –
• channel 
• Sensors
• Satellite
• Access
• ….people

Pan Ocean Remote Sensing 



风作用于海洋表面，改变水体的移动，并产生一系列环境生态
效应，这一过程统称为“风泵”。

“风泵”改变营养盐输运，促进海洋生源要素循环，驱动上层海洋初级生产以
及生态系统，并进一步影响海洋固碳过程及全球渔业资源。

台
风
灾
害
环
境

渔
业
资
源

“风泵” 前瞻性基础理论

碳
环境变化

海洋生态系统

   
        

         

    
    
    

  

  
    

    

  
    

     
   

  

  
    
   

  

   
        

         

    
    
    

  

    
    
    

  

  
    

    

  
    

    

  
    

     
   

  

  
    

     
   

  

  
    
   

  
    
   

  浮游植物
初级生产力

风

海温

光量子

热通量

盐度等

光合作用

位置、强度、
频率等等

海洋环境

海流混合涡旋

风泵
营养盐



“风泵Wind Pump”理论的发展

Wind Pump

2004 20152010
强风--海洋浮游植物藻华 季风--海洋生态 台风--海洋动力环境

发展阶段“风泵”理论的发展

Wind Pump

Wind Pump

（ Wind pump 也是海洋藻华动力假设的第3个理论）

？
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3 Nutrients

Wind Pump 
~~~~~~~~~~~~~~~~
~~

~~~~~~~~~~~~~~~~
~~

SST

Marine 
ecosystem Primary 

production 

从能量传递角度，

突破传统研究学科局限性，开放系统构架下的“风泵” 研究

现阶段

2018

“风泵”研究发展趋势

http://www.so.com/link?url=http://dict.youdao.com/search?q=Energy%20transfer&keyfrom=hao360&q=%E8%83%BD%E9%87%8F%E4%BC%A0%E9%80%92+%E8%8B%B1%E6%96%87&ts=1528871764&t=4f1c82f6edab6c0a8d8d3f6e75cad90
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SST

Marine 
ecosystem Primary 

production 

从能量传递角度，

突破传统研究学科局限性，开放系统构架下的“风泵” 研究

现阶段

2018

“风泵”研究发展趋势

http://www.so.com/link?url=http://dict.youdao.com/search?q=Energy%20transfer&keyfrom=hao360&q=%E8%83%BD%E9%87%8F%E4%BC%A0%E9%80%92+%E8%8B%B1%E6%96%87&ts=1528871764&t=4f1c82f6edab6c0a8d8d3f6e75cad90


总结

1.“临界深度理论”

由局地形成
时间位置较为固定
持续时间较长

主要解释

海洋藻华形成 3 个经典理论

在养盐对浮游植物的生
长无限制作用海区

2. “富营养化”

Eutrophicationcritical depth hypothesis

人类活动相关
富营养化

1971-19751935 - 1953

混合层深度< 临界深度

海洋物理

营养、温度、光

藻华

近岸藻华

3. “风泵理论”

Wind Pump

全球环境变化
能量传递
卫星遥感

2004-2017

开放架构 海洋

非局地形成
时间位置不固定
持续时间较短



Outline
• Introduction 

• General Circulation over eastern Canadian shelf (ECS)
• Objective

• To examine the circulation, dispersion, retention, and 
hydrodynamic connectivity of surface waters over the ECS

• To understand the physical processes that characterize the 
upper ocean response to tropical cyclones

• To study the dynamic of the storm-induced deep water 
intrusion of Halifax Harbour

• Preliminary Results



Bathymetric map of 
Halifax Harbour 
(W. J. Burt et. al 2013)

Hurricane Arthur

Observations in Bedford Basin (2014 - 2015)

CTD



Nested-grid ocean circulation model (ROMS)
Level-1 Model  Level-2 Model  

Horizontal grid size 1/50° Horizontal grid size 1/400 (~ 270 m)
32 sigma levels 32 sigma levels
Boundary condition: SODA River runoff : Bulkley and Winters (1992)

GEBCO Water depth data provided by David 
Greenberg at BIO  +  GEBCO 

The surface forcing: CFSR
The tidal forcing: Oregon State University global model TPXO.7



C

B

A

C

B

A

Evidence of deep water intrusion from modeling results

Two-layer circulation structure in Halifax 
Harbour (from Fader and Miller 2008)



• The three-dimensional circulation model coupled with
a simple oxygen model will be used to study the 
physical processes affecting dissolved oxygen 
concentration in deep Bedford Basin.

(Courtesy to Liuqian and Fennel, 2014).  



Period Activities

2017 Paper published in Satell Oceanogr Meteorol: “Circulation, 
dispersion and hydrodynamic connectivity over the Scotian 
Shelf and adjacent waters”

Oct. 2018 Proposal defense

Oct. 2018 – Nov. 2018 Modify and submit the paper: “numerical study of the storm-
induced circulation in the South China Sea”

Nov. 2018 Sea time (Dalhousie‐BIOS Experiential Learning Funding)

Nov. 2018 – Feb. 2019 Continuing to work on: “the physical processes affecting 
dissolved oxygen concentration in deep Bedford Basin”

Feb. 2018 – Apr. 2019 Thesis writing

May - 2019 Thesis Defense

Timelines
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Yu & Tang,
2013, ASR

(1) Increase in fish abundance during two typhoons in 
the South China Sea



Seasonal variation of SST
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Increasing of Monthly (1985-2005)

Increase of SST; Seasonal extension of higher SST

Month

??



Dynamics of Phytoplankton bloom

Remote Sensinglab In situ

Global  Changes /Natural Hazards  
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Nutrients, temperature, light….. 

upwelling tsunami Sand storm/dusttyphoon

SST Ocean Color windSSH
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monsoon
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CO2

fish
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Marine 
Ecology

Drivers

touris
m

drivers

Tang DanLing 唐丹玲
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遥感海洋生态科学

太空
传感器
生物生态
遥感的普及、大数据
新的理念



25th PACON 

March， 2017, Zhoushang，China

Welcome to 

http://www.zju.edu.cn/


丝绸之路
的海洋遥感



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

109



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. 110



Spatial differentiation

1975 2010

In 35 years, the expansion rate of construction area was rapid. 
111



South China Sea 
Institute of 
Oceanology

Chinese Academy 
of Sciences合
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国家利益国家海洋战略和利益
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Remote Sensing  of 
Maritime Silk Road Region

-- Environments and Ecosystem

--- “Wind pump”  and “Remote Sensing of Marine Ecology” 

South China Sea Institute of Oceanology
Chinese Academy of Sciences合

DanLing Tang

http://lingzis.51.net/ Lingzistdl@126.com

唐丹玲

http://lingzis.51.net/


5. phytoplankton bloom
2. Lingering & looping

3. Vertical pumping

1. Cyclone Linfa wind

4. Upwelling & entrainment

6. Sea surface currents (little white arrows)

Chl-a
mg m-3

50cm s-1

A

B

C

Chen, Tang , 2011, IJRS

Yongqiang 
CHEN, DANLING TANG, 
2012, 

Eddy-feature 
phytoplankton bloom 
induced by tropical 
cyclone in the South 
China Sea, 

International Journal of 
Remote Sensing. Vol. 33, 
No. 23, 10 December 
2012, 7444–7457.（SCI）

http://lingzis.51.net/papers/72.Chen%20YQ%20Eddy.pdf
http://lingzis.51.net/papers/72.Chen%20YQ%20Eddy.pdf
http://lingzis.51.net/papers/72.Chen%20YQ%20Eddy.pdf
http://lingzis.51.net/papers/72.Chen%20YQ%20Eddy.pdf


Climate –“Wind Pump”-
upwelling, mixing, nutrients redistribution–
phytoplankton–primary production – marine 

ecosystem 

Tang
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2
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~~~~~~~~~~~~~~
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~~~~~~~~~~~~~~~~~~
4 primary 
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5 Marine Ecosystem 

Wind 
Pump 



Marine Environmental Protection: 
Prospects and Challenges?

South China Sea Institute of Oceanology
Chinese Academy of Sciences合

DanLing Tang 唐丹玲
中国科学院 南海海洋研究所

唐丹玲

International Think Tank Forum 



Dynamics of Phytoplankton bloom
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HY-1B/COCTS

2008-3-1 2:46 GMT

Shanghai

Hangzhou

Suzhou

China HY-1B卫星







Respirations 



人造卫星中，间谍卫星高度最低，低的只有一百多公里，以便清晰地拍摄地
面的照片，因为稀薄大气的阻力，所以寿命也不长；

高度较高的有同步静止卫星，高度在3.6万公里，

还有科学探测卫星，如我国发射的“双星”探测卫星，最远有8万多公里……
还有嫦娥1号等月球探测卫星，因为没有飞离地球系统，还是称为“卫

星”，高度就有38万公里左右。

在卫星轨道高度达到35800千米，并沿地球赤道上空与地球自转同一

方向飞行时，卫星绕地球旋转周期与地球自转周期完全相同，相对位置保
持不变。此卫星在地球上看来是静止地挂在高空，称为地球静止轨道卫星，
简称静止卫星





13rd PORSEC 

3 – 11 Nov 2016 , 
Fortaleza, Ceará, Brazil

25th PACON 

March， 2017, 
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Sciences 

2015年，Science publish 5 papers



南海的科学问题

• 1. 热带海洋环境特征与生态系统
– 高温、温跃层 、寡营养、
– 营养盐的输运与·生物的基础生产过程

• 2.人类活动的影响
– 岛礁、填礁、运输、溢油

• 3. 社会、国家（资源）
– 海疆国界
– 一带一路



a. 南海位置；b. 南沙群岛地形

Fig.1 Topography of SCS and Nansha Islands
a. location of SCS; b. topography of Nansha Islands





Fig.2 Image process of Landsat 8 OLI in Feb. 7th, 2015
a. Original true color image, b. zoom image of Yongshu Reef, c. partial image after cutting of Yongshu
Reef, d. after radiation correction , atmospheric correction and cloud removing



SS distribution in the surrounding water from May, 2014 to Sep., 2015, 

Yongshu Reef, Zhubi Reef, Meiji Reef （永暑礁，渚碧礁，美济礁）





Sphere of SS distribution in Yongshu Reef (a, b ,c) and 
Meiji Reef(d, e) during islands and reefs building period



Introduction:

Wind induced phytoplankton bloom

Typhoon impact on Marine Ecosystem

Remote Sensing of Marine Ecosystem 

1
2
3
4



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

？

沙尘暴

Climate Changes /Natural Hazards 

California Noctiluca ？



研究基础
（1）提出了“海洋藻华的风泵调控机理”

原创性：是对半个多世纪以来的两个经典的藻华形成理论“临界
深度理论”和“富营养化”的重要补充。

推动了海洋生态遥感学科的发展
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