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Scientific question

Driver?
Ocean dynamic ?
Climate change—>Mar ine Ecosystem—=>Phytoplankton?

Climate Changes

Phytoplankton



“Wind Pump”?

Is a series of processes
driven by wind

that influence ocean
currents and water
movement

which subsequently
affects ocean’s
ecological status.



Phytoplankton Blooms
1. depth hypothesis

1. critical depth hypothesis

(Sverdrup 1953).
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2. Eutrophication hypothesis
Nutrient /light-temperature

2. "Eutrophication”  (Edmondson, 1975)
human activities
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critical depth hypothesis

Phytoplankton decreasing
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a Critical depth hypothesis
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Phytoplankton decreasing

b Critical turbulence hypothesis
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9 ®No local
®Time and location changed
®Short period

® Ocean phytoplankton bloom observed from

satellite : ®Mixing depth ) critical depth
®No Eutrophication
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Ocean Color
Remote Sensing




Marine Primary Production







Explain Phytoplankton bloom

®|ocal bloom
®time period (season)
®long duration
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Tang DL et al., 2004, GIR
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Offshore water?

(Tang et al. 2004, JGR)
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A. SST July 23, 2002
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Wind is very
important!

How about Typhoon?
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Remote Sensing Observations Marine Environment and ecology
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Typhoon impact
on Marine
Ecosystem




Climate Change = SST —> Typhoon

Marine ecosystem
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Offshore and nearshore chlorophyll increases induced
by typhoon and tvphoon rain.

Guangming Zheng and Danling Tang, 2007,
Marine Ecology Progress Series, 333: 61-74, 2007 (SCl)
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Sea level variation & sea surface cooling
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Strong, fast-moving (4.4ms-1)
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tropical cyclone in the South China Sea,

Eddy-feature phytoplankton bloom induced by EE]
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Wind pump
effects on
marine ecosystem

Available online at www.sciencedirect.com
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Advances in Space Research 53 (2014) 10811091 (6 COSPAR publication)
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Response of dissolved oxygen and related marine ecological
parameters to a tropical cyclone in the South China Sea

Jingrou Lin***, Danling Tang “"™*, Werner Alpers®, Sufen Wang *




A Southwestern Monsoon Season

B Northeastern Monsoon Season
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Horizontal distribution of DO concentration fE‘?
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Enhanced sea-air CO,
exchange

influenced by a tropical depression

in the South China Sea

QY SUN, DL TANG, Louis Legendre, P Shi, GJR, 2014
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A tropical depression (TD) in the SCS
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(1) Increase in fish abundance during two typho

the South China Sea
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Increase in fish abundance during two typhoons in the South China Sea
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2013, ASR
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CPUE(kg h"kw')
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Chanthu {Jul 22 2010)

Vicanta (Jul 23 2012)

Kai-tak

Fish wath largest incresse in CPUE
After Chanthu

After Vicanta

After Kai-ak

Table 1

Infarmation of 30 main fishes zampled in the area.
Mo Common name Description Hahitat depth Tropical lkevel
1 Pelagic scad Decaprerys spp. dominated by D, manadsi Pelagic Low class carnivorous fish
2 Ponyfish Leipgnathus spp. dominated by L bindus and L elongones Pelagic Low class carnivorous fish
3 Pomfret Pampus spp. dominated by P argentews and P chinenss, and Pomasmomatews niger  Pelagic Low class carnivorous fish
4 Chub mackerel A single species of Scomber japonicus Pelagic Low class carnivorous fish
5 Spanish mackerel Sromberomores spp. dominated by Sguttomes and Scommerson Pelagic High clazss carnivorous fish
6 Spinyhead croaker Colbichthys spp. dominated by a Collich thys Tucidus Meso demersal  Low class carnivorous fish
7 Jewfish Johnius spp. dominated by J. dussumien and [ belongeni Meso demersal  low class carnivorous fish
& Yellow drum a single species of Mibea albiflonn Meso demersal  Low class carnivorous fish
a Silver croaker Pennahia argentarus Meso demersal  Low class carnivorous fish
10 Grouper Epinephelus spp. dominated by E. akmany and E. awoara Meso demersal  Middle class camivorous fish
11 Red barracuda a single species of Sphymena pinguis Meso demersal  High class carnivorous fish
12 Hairtail Trichiurus spp. dominated by T leprurus Meso demersal  High class carnivorous fish
13 Pacific rudderfish a single species of Psenopsis momala Demersal Low class carnivorous fish
14 Threadfin bream Nemipterus spp. dominated by N virgams Demersal Lowi class carnivorous fish
15  Porgies a single species of Pamargyrops aditn Demersal Low class carnivorous fish
16 Bigeye Priocanthus spp. dominated by P tayenus and P macmacanthus Demersal Low class carnivorous fish
17 Filefish Thamnaconus spp. dominated by T hypargyrens Demersal Loow class carnivorous fish
18 Goatfish Upeneus spp. dominated by Ll moluccensis and LUl swlphureus Demersal Low class carnivorous fish
19 Tonguesole Cynoglossus spp. Demersal Low class carnivorous fish
20 Sillago Sillago shama and & japonica Demersal Low class carnivorous fish
21 Maonkfish Lophius spp. dominated by Laphius lindon Demersal Middle cass camivomus fish
22 Snakefish a single species of Trechinocephahes myops Demersal Middle class camivomus fish
23 Conger pike Murgenesox cinereus Demersal High class carnivorous fish
24 Llizardfizh Squrida spp. dominated by 5. tumbil and 5. undosquamis Demersal High clazss carnivorous fish
25  White-spotted spinefoot  Siganus spp. dominated by Siganus oramin Reef Omnivorous fish
26  (ctopus Octopus spp. Cephalopoda Low class carnivorous fish
27 Squid Laligo spp. Cephalopoda Low class carnivorous fish
28 Curtlefish Sepia spp. Cephalopoda Low class carnivorous fish
29 (Crab Pormunus spp. and Charybdis spp. Crab Low class carnivorous fish
30 Shrimp Penaeidae Shrimp Low class carnivorous fish

[Aug 17 2012)
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Wind driven algal bloom in the open oceans




“Wind pump”

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



“Wind pump”

* |sto 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




surface size structure
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(a)Total chlorophyll a concentration
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Nested-grid ocean circulation model (ROMS)

Level-1 Model Level-2 Model

24°N A

21°N 1

18°N 1

116°E 117°E 118°E 119%E 120°E 121°E

15°N 1

1000 2000 3000 4000

12°N A

Depth (m)

108°E 111°E 114°E 117°E 120°E

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




The SST comparison between model and
remote sensing data
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Model Remote sensing data
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Storm-induced surface circulation and SST change
(Vortex Run Smoothed Run)
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MODIS surface chl-a concentration

Before Linfa
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MODIS-derived sea surface chl-a concentration. (a) Before
cyclone Linfa and (b) after cyclone Linfa. The red dashed
line represents the storm track.
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*How Important
eOcean color ?7?



Milestone
e Satellite remote sensing, in Ocean Sciences

 Ocean color- Marine Biology marine Ecology

Ocean Color remote sensing —Chl-a — relate marine
biology —

e Multi-

+ channel Milestone

* Sensors “Remote sensing of Marine Ecology
e Satellite

* Access

e ...people
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Satellite Remote Sensing

EO Satellites
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e Multi —

e channel
* Sensors
e Satellite
e Access
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Pan Ocean Remote Sensing
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Outline

* Objective

e To study the dynamic of the storm-induced deep water
Intrusion of Halifax Harbour

* Preliminary Results



Observations in Bedford Basin (2014 - 2015)
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Nested-grid ocean circulation model (ROMS)
Level-1 Model Level-2 Model

42'

39'

20' 4

44°N
Ong J L
44°N 36.00"

40' 1 // 33"
ib} 40' 20' 63'°\N 39' 63°W 33' 30"
36.00'

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




it

Evidence of deep water intrusion from modeling results

g ;='-§': @ S?:'l:it\éir"le Bedford The Halifax—Dartmouth Quter Open
JH::,H Gj \ discharge  Basin Narrows waterfront harbour oc%an
18] 0 l | | —> Salinity increases toward ocean —> |
! (3] BURNSIDE e C) -—O - C) - nhé?rgtm
5 @ 20
ks A Dartmouth,Crossing & E Vertical
T, &J %_ 40 mixing
o\ A - 8 o sl
%"@o» '. B : . 80 \ infreqluenttjly . . . .
[ C R 4 m 0 5 10 15 20 25 30
! N {7) EA Distance (km)
Lo RN L TE S Two-layer circulation structure in Halifax
\ Dartmouth .
RN, Harbour (from Fader and Miller 2008)
o g —
Salinity
0
C
20 | | Il'lll-......
0
20
B 40 -
60 —
A 20
40
60
Temperature
0
C o ——. e
0

175 180 185 190 195 200 205 210

days

215

a2

31

a0

25

28

158

10



The three-dimensional circulation model coupled with

will be used to study the
physical processes affecting dissolved oxygen
concentration in deep Bedford Basin.

-10- ] Observations |}
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Bathymetry (m)

(Courtesy to Liugian and Fennel, 2014).



Timelines

Period

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)

N b 2kl Continuing to work on: “the physical processes affecting
dissolved oxygen concentration in deep Bedford Basin”

Feb. 2018 — Apr. 2019  RILIEHRYigldlaF

May - 2019 Thesis Defense
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(1) Increase in fish abundance during two typho

the South China Sea
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lab Remote Sensing In situ

SST Ocean Color SSH  wind ...

Chl-a

Dynamics of Phytoplankton bloom
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Available satellite remote sensing

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
OCl algorithm Chlorophyll MODIS/Auqa 2002.07 - present
OCl 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
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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.
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Area-averaged time series MODIS/Aqua night SST 4km

resolution during Jul 2002 — May 2015



102

Ciior (mg m-3)

ai

005

002

oo

prEp

Monthly averaged Chlorophyll concentration in December in different year. (A) Chli
derived from CZCS data in 1978, and (B) Chl derived from MODIS/Aqua in 2014.
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@ Coastline monitoring

Landsat MSS, 1973/10/17 Landsat TM, 1989/08/20
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@ Coastline monitoring
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lab Remote Sensing In situ
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Dynamics of Phytoplankton bloom
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Tab.1 Informationofremote sensors

PEEFRE. EEEL REERE/ume TEFE/me
(Landsat1-5)MSS. 4o 0.5-1.1¢ 80
(Landsat3-57)TM- 7o 0.45-2.35 30(Ra 24T b
(Landsat57)ETMe 8¢ 0.45-2.350 e B

(Lansat8)OLI- Q. 0.433-2.3«

AVHRR-~ S 0.55-12.5¢ 1100

SeaWiFS- 8 0.402-0.885+ 1100~
MODIS- 36 0.402-14.385+ 250,500,1000-
CZCS« 6o 0.443-1.15- 825+
MERIS- 15¢ e 1200+
COCTS- 10+ 0.402-12.5- 1100~



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
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Introduction:
Wind induced phytoplankton bloom
Typhoon impact on Marine Ecosystem

Remote Sensing of Marine Ecosystem
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