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Simon et al., 2002 (based on the view of the POC)

•The definition of the particle 

>0.45 µm (Operation Definition)

NSYSU

In
tro

d
u
c
tio

n
S

tu
d

y
 A

re
a

M
a

te
ria

ls
 &

 

M
e

th
o

d
s

R
e

s
u

lts
D

is
c
u

s
s
io

n
 &

 

C
o

n
c
lu

s
io

n



In
tro

d
u
c
tio

n
S

tu
d

y
 A

re
a

M
a

te
ria

ls
 &

 

M
e

th
o

d
s

R
e

s
u

lts
D

is
c
u

s
s
io

n
 &

 

C
o

n
c
lu

s
io

n

• The routing system from its Source to Sink (S2S).

• The Land-Sea continuum transport system  

Allen, 2017

e.g., the particle could be a TRACER!!!!
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Wright and Nittrouer, 1995
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4Wright and Nittrouer, 1995

I. Supply via plumes

Land Sea

>0.45 µm

Shanmugam, 2019

Liu et al., 2002

Coriolis force, wind, tide, coastal current, etc.

Tseng-Wen

Flood

Flood (strongest)

Ebb

Ebb (strongest)
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5Wright and Nittrouer, 1995

I. Supply via plumes

Land Sea

>45 µm

II. In
itia
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e

p
o
s
itio

n

Omand et al., 2020
Stokes Law
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6

Sea

>45 µm

Kerpen et al., 2020



• Different types of particles

• Complicated couplings

S2S
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LithogenousBiogenic Anthropogenic

Turner and Millward, 2002

Challenging in the S2S

- How & What?
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Started in 1999…

…

Changjiang

Zhujiang

James T. Liu



• Zhujiang River (Pearl River)

Wu et al. (2016) & Zhang et al., 2012

China

3
0
°N

2
0
°N

4
0
°N

110°E 120°E 130°E

• Len: 2,214 km

• RD: 104 m3/s

• SL: 88 Mt/y

• W (75 %)

N (15.7 %)

E (8.8 %)

• C3 plants

• High N/P ratio

• From May to July

Zhang et al., 2014

https://botany.one/2019/04/c2-rice-outcompetes-c3-and-c4-rice/

Yin et al., 2001

https://www.imperial.ac.uk/news/242831/sewage-overspills-result-from-lack-
infrastructure/

Len: length

RD: River Discharge

SL: Sediment Load
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Wei et al., 2020
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Tabone et al., 2015

MODIS



Shi et al. (2000)

Summer

Hu et al. (2000)

PRE

• Wind-driven currents and upwellings
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Upwellings in the NSCS



Exp.1

With SW wind

Exp.2

Without SW wind

Exp.4

Without SW wind

1.5 times current

Exp.3

Without SW wind

Halved current

Wang et al. (2014)
• Association between upwellings and currents
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PRE

Chen et al. (2017)
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• Wind-driven upwelling (Lower water column)
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Wong et al. (2015)

• Cold water mass

• High nutrients 13



• Nonlinear internal waves (NIWs)
Wong et al. (2015)

NASA / Global Ocean Associates
14
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Hsu et al. (2000)



• Scientific Question & Hypotheses
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➢ What are the SPs on the inner shelf?

- Terrestrial or Marine sourced?

- Physiochemical characteristics (e.g., size)?

ZRP

➢ What are the associated physical 

processes to transport those particles?

- Wind-driven current?

- Upwelling?

- NIWs?

15
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• 06/03 - 05 in 2016 (ZHJ1)

• 07/24 - 29 in 2016 (ZHJ2)

• 06/03 - 07/23 in 2016 (DS)

• 07/23 - 07/24 in 2016 (EK60)

Meteorological Observation  

- Shipboard weather sta. (10 mins)

• Hydrodynamic Measurements

Flow Structure

- Shipboard-ADCP (10 min; ZHJ1)

- Mooring-ADCPs (10 min; ZHJ2)

• 75 kHz

• BS: 8 m

• BD: 16.5 m

• 300 & 1200 kHz

• BS: 0.25 & 1 m

• BD: 0.8 & 3.3 m
*BD: Blank Distance

*BS: Bins Size16

Dongsha Atoll



China

China
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• Hydrodynamic Measurements NIWs Observation
- Minilog (6 mins; DS)

• 8 8-bit loggers (T)

• 4 DST milli-TDs (T&D)

• 06/03 - 07/23 in 2016

- EK60 transect (1 sec)

• From DS to ZHJ2

• Shipboard EK60 

• 38 kHz

• BS: 0.4 m 

*BS: Bins Size

17

Dongsha Atoll

167 m



• Hydrographic Measurements CTD Profiling (hourly)

- Sal, Temp., Turb., Fluor.

- SF: 0.04 sec

- Lowering rate: <0.5 m/s

- Averaged to 0.2 m/record

*SF: Sampling Frequency

LISST Profiling

- Volume concentration

- 32 size groups from 2.5-500 µm

- Classified into 63, 63-153, >153 µm

18
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Dongsha Atoll

3 m

38 m

3 m

38 m
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• Water & Particle Sampling Water Mass Properties

- SiO4, PO3, NO2, NO3

- SF: 3 hours *SF: Sampling Frequency

- Chl-a, SSC, POC, PN, δ13C

- SF: 3 hours

- SSC (63, 63-153, >153 µm)

Particle Characteristics

*SF: Sampling Frequency

*3 m (Surface) & 38 m (Bottom)

Prof. C.-T. A. Chen’s lab Prof. Y.-S. Lin’s lab

Nutrients POM

Catnet
20 L Niskin

19
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• Settling Particles (Linking surface and bottom)

- USGS-type sediment Trap

Empty!!!

20

3 m

38 m

?

Assumed the vertical transport is 0!!!



• River Discharge (How much?)
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Prof. Gong

Wei et al., 2020

21

High River Discharge!
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• Wind Fields

2016/07/26

Tropical Mirinae

07/26
07/27

N/NE Wind

W/NW/SE Wind

NE Wind N/W/S Wind NE Wind

22

Typical summer wind field



• Flow Fields

ZHJ1
25

20
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10:00 07/25

10:00 07/26

10:00 07/27

10:00 07/28 10:00 07/29

e.g., Wind-driven current, etc.e.g., Tidal flowObserved

Fang et al., 1998; Hu et al., 2000; Chen et al., 2017

N
N

inshore

Offshore

inshore

Offshore

Upper layer: ENE-ward Lower layer: NE-wardNNE-ward

23

Progressive Vectors (PVs)

U1

V1

When t = 1

When t = 2

(X1,Y1)

(X2,Y2)

X, Y: Position; U, V: Velocity; Δt Sampling Interval

When t = 3….
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• Flow Fields (Quantify)

• Tidal ellipses

➢ NW-SE at ZHJ1 (M2 dominated)

➢ NE-SW (K1) and NW-SE (M2) at ZHJ2

• Form Numer

➢ Mixed tide (K1 & M2)

• Energy Ratio

➢ Nontidal flow dominated at ZHJ1 & ZHJ2

➢ The tidal flow became stronger in the lower 

layers at ZHJ2

24

Energy RatioForm Number

Harmonic Analysis



• Hydrographic Profiles

Sal

Temp. (oC)

σt (kg/m3)

Depth (m)
0 4020

T
e
m

p
 (

o
C

)

21

25

29

Sal (PSU)
28 34

21.9

22
22

21.9

• Diluted water (low sal & high temp.)

• Cold water (high sal & low temp)

ZHJ2

ZHJ2
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21.4521.45

25

Water Samples

3 m

38 m



Sal
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• Hydrographic Profiles• Hydrographic Profiles

Water Samples

3 m

38 m

• Diluted water (low sal & high temp.)

• Cold water (high sal & low temp)

N/P Ratio

Redfiled ratio = N:P = 16:1

Under detection limit

26
*Biological stoichiometry (protein, DNA, etc.)

High N/P

3 m

38 m

Increasing
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ZRP

Offshore

Water

E

0.06

0.02

0.04

StratificationContour Line: water density lo
g

1
0
(R

i/
0
.2

5
)2

-2

0

Strong mixing

Weak mixing

S
p

0
1
2
3
4
5

Energy diss. rate

Partial-mixed

Well mixed

Current (41 m)Wind-3 m Wind-38 m

NIWS!!!!!!!!!!

Wind

Current

Mixing termStratified term

Static Stability Index

0

20

10

D
e
p
th

 (
m

)

0.04

0.02

0.06
E

a b

• Stratification & Mixing

Contour: Salinity

27



Flow

Ri

CTD
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EK60

a b
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ZHJ2

DS
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• SPs Characteristics

• Upper Water Column

➢ Diluted water regime (ZRP)

➢ Low salinity (tidal modulation)

18

24

σ
t 
(k

g
/m

3
)

• Lower Water Column

➢ Cold offshore regime

➢ Low light transmission (< 50 %)

➢ High fluorescence (> 2 µg L-1)

➢ Bottom nepheloid layer (< 70 %)

➢ Low fluorescence

3 m

38 m

30

BNL

Turbid ZRP



Surface (3 m) Bottom (38 m)In
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• SPs Characteristics

• Surface

• Bottom

➢ Diurnal var. in VC

➢ VC dominated by >153 µm

➢ High-frequency var. in VC

➢ VC dominated by <153 µm

Seawater density
Assumed density

(2.65 g/cm3)

* 

➢ Heavier SPs

➢ Lighter SPs

31

➢ SSC dominated in <63 µm

➢ SSC dominated by <63 µm

Bioparticles
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• Surface

• Bottom

* 

➢ POM was higher

➢ Follows Redfield

DegradedFresh

➢ POM was lower

➢ Not follows Redfield

C/N Ratio

PC Ratio

➢ POM was fresh

➢ Marine-sourced

➢ POM was degraded

➢ Terrestrial-sourced (?)

Guo et al., (2015)

• SPs Characteristics

32



-

• Surface • Bottom
➢ >153 µm; lower bulk density (bio-particles)

➢ The Con. of the POM was higher

➢ POM was fresh

➢ Marine-sourced

➢ Finer grain size; higher bulk density (detritus)

➢ The Con. of the POM was lower

➢ POM was degraded

➢ Terrestrial-sourced (?)

Physical Forcing SPs Characteristics

EOF

Independent Variables

Time

Sal

Temp.

PC Ratio

A
m

p
.

NOAA (https://tidesandcurrents.noaa.gov/harmonic.html)

Covariability

Eigenmode

Mode1, Mode2…

EOF
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• Empirical Orthogonal Function

Physical forcing Water Properties SP Properties

Flow Field Water Mass & Mixing

Mode1 (31%)
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How much the δ13C is
in the POM



• EOF (Surface; 3 m)

➢Across-shore flow

➢Offshore water caused the unstable

➢High bulk density

➢Degraded POM
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• EOF (Surface; 3 m)
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UpwellingTidal Modulation
Wind Mixing
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• EOF (Bottom; 38 m)

SP PropertiesPhysical forcing

Water Properties

37

BNL

New

(Water Movement)

New (Particle Size)

How?
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• EOF (Bottom; 38 m)

➢Across-shore flow

➢ Low temperature

➢Decreasing light trans.

➢Degraded POM

➢Depleted δ13C

➢<63 µm particles mainly38
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• EOF (Bottom)
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➢Tidal flow

➢ Light trans. decreased

➢<63 µm particles increased

➢Degraded POM with enriched δ13C

Spectrum Analyses

(c) VC <63µm

(d) VC 63-153µm
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Marine POC

Freshwater 

POC

C3 land plant

POM
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• Conclusion

C3 land plants

Marine POCAlgae

Freshwater
POC

38 m Sed.

Decoupling
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