Particle Dynamics on the
River- domlnated Contmental

Biogeochemistry

ES&AG, NCU. 22" Dec., 2023

Speaker: Jay Lee
RCEC, Academia Sinica




SpoylaiN
9 S[eLaleN

uoIsSnjouo)d
% UOISSNISI

uononpoU|

‘ rvaly Apnis

‘ s)nsay ‘

*The definition of the particle

Simon et al., 2002 (based on the view of the POC)
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= | * The routing system from its Source to Sink (S2S).
s | » The Land-Sea continuum transport System e.g. the particle could be a TRACER!!
%) Catchment efflux
g 1 Continental Marine
z | reservoir reservoir Burial
— Catchment efflux >Discharge deformation, ®
2 erosion streams
= z / to ocean ::>_
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gravel/sand sequestration
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Yellow River Ple

Coriolis force, wmd tlde coastal current

etc.
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Land

Wright and Nittrouer, 1995

Omand et al., 2020

depth (2)

uonisodaq reniuj ‘||

the sea surface

® 5

&g* (the euphotic zone)

(the twilight zone)

/ i\' \®

sinking slows as
particle shrinks
and the seawater
density increases

O

|nset

_____________________________

a typical flux profile
of particulate carbon
in the ocean

Net particle sinking flux (Ftot)

1 Zel

1
mass loss due to :
, remineralization (r) :

Stokes Law
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Land

Continental
rise

Abyssal
plain

Submarine
canyon continental

Continental
shelf

Submarine
fan

Turbidite
deposits

Turbidity
current

Figure 20.19a
Understanding Earth, Sixth Edition
© 2010 W. H. Freeman and Company

A offshore (deep water) shoaling : wave breaking
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particle distribution

free stream
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lll-I. Resuspension |4

wave bottom
boundary layer
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llI-1I. Slope failure processes
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« Different types of particles
« Complicated couplings

Challenging in the S2S

- How & What?

. Supply via plumes

Land

Wright and Nittrouer, 1995

uomisodeq [eniu| ||

Ill-I. Resuspension
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IlI-1l. Slope failure processes
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relr?l%)%lilﬁslgtion flocculation, deflocculation, e)gfgg’tion
heterotrophy | |degradation P—
\4
Suspended Absorption,
L particles partitioning
Precipitation
. Capture,
Deposition Exg;itggrll’ sorting,
Resuspension ingestion
Egestion,
y excretion, .
) biodeposition Suspension-
Sediments [ » feeders
Dissolution-absorption (biotransformation)

i
SN

nic ] [Lithogenous] {Anthropogenic]

R
[




weemssies (1S — Started in 1999...

P Marine Geology y
. Zhuoshui R. Jiulongjiang R. £8] L—T Volume 380, 1 October 2016, Pages 219-230 __
Gaoping @ ELSEVIER
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’ Minjiang R. Zhujiang R. River plume induced variability of
. (Pearl River)

Fanilao @ suspended particle characteristics Marine Geology

Canyon Zhe-Min Mud Belt Jay Lee % James T. Liu® 9, &, Chin-Chan Hung 9 Saulwood Lin ®, Xiaogin Du ® Volume 271, Issues 1-2, 15 May 2010, Pages 115-130

— Changjing Quantifying tidal signatures of the benthic
T % nepheloid layer in Gaoping Submarine
Canyon in Southern Taiwan

James T. Liu
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30°N

ames T.Liu® 2 =, Yu Huai Wang ®, I-Huan Lee ¢, Ray T. Hsu ®

Article | Open access | Published: 09 March 2018

A comprehensive sediment dynamics study of a major
mud belt system on the inner shelf along an energetic

28'N

coast
§ James T. Liu 9, Ray T. Hsu, Rick J. Yang, Ya Ping Wang, Hui Wu, Xiaogin Du, Anchun Li, Steven C.

Chien, Jay Lee, Shouye Yang, Jianrong Zhu, Chih-Chieh Su, Yi Chang & Chih-An Huh

Marine Geology é

Scientific Reports 8, Article number: 4229 (2018) | Cite this article Ilume 442, December 2021, 106657
z
<<
N Research Paper

Pacific Coupling between physical processes and

b biogeochemistry of suspended particles
3 . over the inner shelf mud in the East China

- Sea

James T. Liu® O =, Jay Lee % Rick]. Yang % Xiaoqin Du ®, Anchun Li %, Yu-Shih Lin 9,
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» Zhujiang River (Pearl

Water Discharge (108 m3)

A
o
]

N
o
1

Wei et al.,

2020

o Cradle of West River
A  Gauge station

""" Basin boundary
>~ River

-~ Main stream of Pearl River

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

RIver) o’/f' %angf 2014

Len: 2,214 km
« RD: 10* m3/s
« SL: 88 Mtly
W (75 %)

N (15.7 %)

E (8.8 %)

Len: length
RD: River Discharge
SL: Sediment Load

I
2 |+ C;plants

High N/P ratio
From May to July
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Estuarine, Coastal and Shelf Science
Volume 194, 15 July 2017, Pages 252-262

Dispersal of the Pearl River plume over
continental shelf in summer

X

Zhaoyun Chen ° ®, Wenping Gong ® ®, Huayang Cai ® ®, Yunzhen Chen © ®, Heng Zhang ®® ¢ 2
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[: East Coastal Jet

o II: East Offshore Spreading
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VI: East Isolated Patch

VII: East Offshore Branch
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* Wind-driven currents and upwellings

Summer

20°

"\ Ekman Transport

& wind

Land

@a .
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« Association between upwellings and currents

Wang et al. (2014)

o ' o Chén et al. (2017)
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« Wind-driven upwelling (Lower water column)
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 Nonlinear internal

waves (NIWs)
Wong et al. (2015)

/\/\J\l\. Shoaling region

Elevation wave \ N '\[.
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« Scientific Question & Hypotheses

» What are the associated physical
processes to transport those particles?

- Wind-driven current?
- Upwelling?
- NIWs?

» What are the SPs on the inner shelf?
- Terrestrial or Marine sourced?
- Physiochemical characteristics (e.g., size)?

chla-2016-07-25.txt
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* Hydrodynamic Measurements
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Flow Structure

« /5kHz +BD:16.5m

e BS: 8 m

Mooring-ADCPs (10 min; ZHJ2)

» 300 & 1200 kHz
*BS:0.25&1m

*BS: Bins Size'®

Shipboard-ADCP (10 min; ZHJ1)

* BD: 0.8 & 3.3 m

*BD: Blank Distance
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* Hydrodynamic Measurements
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« Water & Particle Sampling

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

(" Water Sampling by Niskin or Go-Flo Bottles )

1
500 mL water

2
500 mL water 500 mL water

( Extracted by Syringe ) [ Filtered with ]

Y

GF/F Paper

A
Filtered by

[
[Syringe Filter (0.2 um)J [

Add MgCOs |

Y

Take Back to Lab

( Injecting in PE Bottle) [ Wrapped with Al Foil ]

And Frozen in Refrig.

Frozen with
Liquid Nitrogen

Organic Carbon and Nitrogen

A 4

Take Back to Lab

513C
Take Back to Lab
—(Filtered with Catnet)
A 4

ol ov

Sio;y PO}~ NO; NO; NHj

Nutrients

SSC

:

Organic Carbon and Nitrogen

POM

Chl-a /(>153, 63~153, 10~63 pm)

500 mL water

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

Water Mass Properties

- SF 3 hours *SF. Sampling Frequency

Particle Characteristics

- Chl-a, SSC, POC, PN, 613C

- SF: 3 hours *sF: sampling Frequency
- SSC (63, 63-153, >153 pm)

s Catnet o
- 20 L Niskin

T8 r A
>153 ym Wﬁ’
L s e

63 um net

' 63-153 pm
%

10 pm net

u g

<10 pm

' 10-63 pm
s
*




uononNpoU|

« Settling Particles (Linking surface and bottom)

Assumed the vertical transportis 01l - USGS-type sediment Trap

SPOYIsiN
‘ 9 S[eLSTRI ‘ rvaly Apnis

% U0oISsSNasI
s)nsay

uoIsnPuU0D ‘

. 112°E  114°E 116 °E 18°E 0°E24uN
P O , 3 m - N : e (G
v10 Y 33 ‘%9; 1 220N
S 20
- = PearRiver [Gognerw
Q 305 @ Vo :
8 30 o 230N 87
40 == 28
_ L 000 - 12 0004 A 00 A 200D 22200
NOBOONMNBOONODOIINOODN KOO D
eNeolololoNololololololololNololoelololole)
o eoleololololNolololo lNoelololololiolholiolhollo 20N
e elolololNoelolololololololoeololoeoloeolioliole)
ol o fin fon o e [ B Jo B e o B e e e B o B o B,
NN DN DNDDDNDDNDNDDNDDNDDNDDNDNDDNDNDDNDNDDNDNMNDDMNDDNDDNDDNDDND
AP OO OO0 OO0 OONSN N NO0OOoOoDmoo 113 °E 114 °E 115 °E
3000 2500 2000 1800 1000 500 })Demh m E p
—~
7 Sta. ZHJ2 =~ ~
S | =— P
3 O
y -
O 11m [ 41 )
> 08 AQuUAdom
W (1 MHz)
40 | Upward-looking F=5 | —
e T T T ADCP (1.2 MHz) / AT XR-420
g g g g 2 g g g g g ~42 m Downward-looking_'l
ADCP (0.3 MHz) Non-sequential
g 8 g g g g g 8 g g Sediment Trap
S 8 & & 8 3 8 o5 3 o xRa20
N N N N N N N N N N 31m N =
S (6} (&) D » ~ ~ (0 0] (0 0) (o]
Acoustic Release ' Acoustic Release A




uononNpoU|

SPOYIBIN
‘ 2 S[eUSIeN ‘ rvaly Apnis

% U0ISSNasSIq
s)nsay

uoISN|aU0)D ‘

* River Discharge (How much?)

1120E  114°E  116°E 118°E 120 °E
24 oN T . - T 24 oN
! - o B
Qg soun onne e
23 °oN
Dapeng Pen.
Mirs Bay ;
Huangmao Hai
22 oN
T I T I T | T | T 1 T Depth (m)
3000 -2500 -2000 -1500 -1000  -500 0

Contents lists available at ScienceDirect

Journal of Hydrology: Regional Studies

journal homepage: www.elsevier.com/locate/ejrh

ELSEVIER

Influence factors and mechanisms of 2015-2016 extreme flood in
Pearl River Basin based on the WSDI from GRACE

Lin Zhang”, Yunzhong Shen ™, Qiujie Chen”, Fengwei Wang"

High River Discharge!

1954-2018
-@- 2016

Wei et al., 2020
Prof. Gong

Water discharge (10° m3)

1234567 8 9101112
Month 21
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Progressive Vectors (PVSs)

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

m
PVX,Z‘=Z(XZ'C +U_Z’£XA'E) IWhen t = 2|
t=1
m ‘When t= 1‘
PVy, = Z(YZ,t +V, X At) Vi
f=1 (X1, Y1) Ul

(XZ’YZ)
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 Flow Fields (Quantlfy) I Harmonic Analysis I . R —
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o Stratification & Mixing

Contour: Salinity
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 SPs Characteristics

« Upper Water Column

» Diluted water regime (ZRP)

» Low salinity (tidal modulation)
» Low light transmission (< 50 %)
» High fluorescence (> 2 ug L)

e Lower Water Column

» Cold offshore regime
» Bottom nepheloid layer (< 70 %)
» Low fluorescence
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« SPs Characteristics

e Surface
» Diurnal var. in VC
» VC dominated by >153 pm

» SSC dominated in <63 pm
» Lighter SPs

e Bottom

» High-frequency var. in VC
» VC dominated by <153 um
» SSC dominated by <63 um

> Heavier SPs
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» Surface

» POM was higher
» Follows Redfield
» POM was fresh

» Marine-sourced

 Bottom

» POM was lower

» Not follows Redfield

» POM was degraded

» Terrestrial-sourced (?)

« SPs Characteristics
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