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Fe i) 1 A 25 R e ey A R

WA WEFE 22 56 T BUE AL RL 23 B 9 7K 8 70 X
BT BV HE R HE I 25 s R AR B 5, Bl
T B 37 VA A R A B BIE 5 R A AR IR Y 5
Wi o 52 PR AR AR, 337 LI LA 4 T 445 73 3
KV () A Z8 R BE A 7 R I s AR S A . A
WFFELA 202 1 A B RTRK TN A 1], SR RS54 1)
& A PR A B 1 45 AU (Finite volume community
ocean model, FVCOM) HIVE# A A R G 8l ) 244
% (Nutrient-phytoplankton-zooplankton-detritus,
NPZD) , i iof #y - A 250 5 A B E R T ik, 4
T VP Ay 7K 9 98] 4 %o v ) 11 R & T T Bl i e v i
B B IR E A PR R ) A A A OB AR AR A T
ARSI, LIS A ] 2K 3 VAR Ml ) AR S BRI 52 i
fili P EL A B | A1 20T 1 R AR I A S
Y iGS SRR Eo 3

1 MEETk

1.1 TAREER
B A OO T 1016 VS RN e N 78 =2 [a] |, 30T 2

TS 7 A AT 2 IR R Bk 32, P
W25 0.6~0.8 m, B IA] 11 I8 g 10 T AT 2 YR i
TR P 2 R A, AFF- 4 B R 2 590 mm,
MEENTEZE, HREENRR 70%. AR
Z AR R T O Z AR KR 2, &
Ze PR b sl pa b KR 32 o BT 3R K R VD R Y
A — M4 6 H N A1 2= 9 H A TR, +F
SLI )N

BT A VAR A AN VD 6 1 TR A
KU T ] Ui A R K S (http 2 //www.yrec.
gov.cn/) o 2021 42 H ] LA () SE K AR AR 4R
TAEIAE] T 1400 m/s, A SCHE £ 2021 45 M 5T
A, 2021 AR HAE K VP B[] R 6 H 19 H—7
A 130 25K), TREZMABrBITE:6 H 19 H—
7H 9 H HEKIA, #2 A 1 500 m¥/s s =0
4000 m¥/s;7 A 10 H—13 H A, R
[l 7% 22 856 m¥/s; Y Vb vk i B B 5 W v, 7 H 10
H ik 2] 1§ {H 34.5 kg/m®J5 28] T B 2 7.76 kg/m?
(E1),
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Monthly mean runoff and sediment transport of the Yellow River Lijin Station from 2002 to 2021
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(b) 202 VAE BT 7K JH P TRI R ALl 8 H AR i Y VMR 2
Daily river flux and sand content at Lijin Station during the Yellow River water and sediment regulation period in 2021

Daily river flux and sand content at Lijin Station during the Yellow River water and sediment regulation period in 2021
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Fig.1 Water and sediment time series statistics of Lijin Station
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(7K 3l J1 84 . BRoK 3l J1 LA ,FVCOM ik #5
A THEUK IR Jevd A KBS E R R
B2, HEE T 2MimR S8 £,
PR LM 2 B R A ) 2 oy FH 9T 3T e b DX A
BB

FVCOM 1Y 3y 5t 45 il J5 2 A% 22 v O #2

e
du  du  du du 1 o(P,+P,)
—tu—tv—tw - fr=- "
ot ox dy 0z Po ox
Lo k) r 1)
Po 0x 0z 0z
(P, +P
@_'_ ﬂ*_ %J"W@"’fu:_i ( " )
ot 0x Jdy 0z Po Jdy
19
~ % 6( ma”)+p (2)
Py 0y 0z Jz
dw Jw Jw Jw
—tu—+tv—t+tw_—=
ot 0x dy 0z
1o d d
— e K5+ FL (3)
po 0z 0z 0z
Ju dv  Jw
—+—+—=0 4
ox dy 0z (4)

A e IR 500,y 2 430 A B A AR P R b DA
F T LT ) 5w v w 53 08wy 2 07 1) b B I A3
it p, WK BE s PRI KRR ; Py W
IKIESE 5 g AEREK TR ; I FHR I SEG K,
MIRE ARG F, F, F, 5058 x . y.z J5 W) b1 5
o KR BIRIE N h = H+E, H MK, ¢
AN TR IKA o

FVCOM R VP UL B (FVCOM sediment
module, FVCOM-SED) % H Jii 1 5 14 FHL<F i ok
TRV RR Y oL A, R AR R IR
T IR SN IR 2 BT RAERY . AR B A
R I TP B X o A . B RS e v AR
AR
aC,  uC, wC, d(w-w,)C,
ot * ox * dy * 0z -

0 aC, d aC, J aC;
ax(AH(?x)+ ay(AH dy )+ az(KH 0z ) (5)

A € R i BRI R EE 5 A, K, 53 51k
IRV T H A R w, MR i R VDT
Br 7K 2 3 Fnle YRR A, A SCIA (8 3E AR
A R G (General ecosystem module, GEM ) it
il A A R BUEBAL . FVCOM-GEM iR %
ALER 7 RS AR T R, 45 5 IR AR PRI
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TR Sh Y REJE LV A ML L AN R B AR
g, AR I X S PR B BE R A E A 2
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5 e Ak R B T i B0 ) R B U DA ) R R
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(B2 FUA 15 10 8 Bl 07 Ui sl W 8 B sl Ak ok o 55
+h
1.3 hEkER1E/K & T BB R

SRy S8V T P A (AR TR 4 A ADURE B, A Sl
FH b BR # 1k 7K 8 T /2 (Geostationary ocean color
imager, GOCI) i J& AU 5 BUE BTN 45 SR 317 T
XoF, PIAk AR TR VD R 4 3% a SO R A DL 4 2R
(A5 BE . GOCI- IT AL 2 py o [0 ifg v AL vp
O & S R BB MK B DA, T 202042 H
R I 13 AP E, A A HER N 250 m, B R
AR 10 FERAAR IR L2 Bl e ok
WG e R GBIV T B R
S AR L B BOHE R R . AR 9T R 2021 4F
GOCI- I By L2 g5 48, 43 ) T 352021 4£ 6 H 19
H (AP ET) 22021457 A 18 H (JHKH 75
Jei ) BRSO R4 3R a U H R R 50

2 FOHBCE SR

21 KIARRDIREIGE

R 35 X B K 117.5°F ~122.5°E F1 37°N~
41°N, B 55 1 R ifg Vg 3k, I % i TR] 1 DXk i
11 7 il hnag (B 2) , 24 42 402> = A% IR
TGN 21 849 AT, K- 7 [l 235 (8] 43 B 32 e /N Ky
500 m, fz K0 5 km, Fe ) {f H o A6 AR, 538 15 )2,
FEXT 2 FURZ ST I, B K G 7 248
2021 4F 7 PR o B Y AN IS a) A8 KB R
1s, NBER 10 s, Z IERHERN . BEALY) 46 3 A
FE i Ak IR R RN ER BE AR i ] HY COM+
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1371
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B AR AR A5 A 1 e VD 24 o A i it T
TR VPR A 1 90% ), R A A v 2% fE ]
P A, BRI 0 Sk AR e, H
By ok A T 8 oK ) 22 51 23 W 3 (yree. gov.
cn) o ALY 1 A SR T2 BB, I 320 5 I A

HHOK B EOT20 i #7124 25 [T M, S, N,
K,.K,.0,.P,.Q %5 8~ F B/, 3 s_tide T H.
AR B KA . AR TSR )R] 7 55 2021
TEAAE,

P VbR 22 A+ MDA 325 KR
3R A 02.0.6.02, 2B E S

FOAWT T, BB IR 1R,

N -
41° e
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L
3
2
R
=
®
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% S 172 [ e e e D
70 ‘sl
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il Tidal level 150 B C g 10 SEM RS

A W3 Tidal current
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(b)

() RIS SR s (o) #in] M (2L L) 53 CRE L) SeiE .
(a)Mesh and bathymetry of model domain; (b)Statisticalregionsof Yellow River Estuary (Red dashed line) and Laizhou Bay (Black dashed

line).
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Fig.2 Simulated domain and mesh of numerical model
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Tab.1 Setting of sediment parameters

SRR L kb 1
Variable name Clay Silt Sand
rP{E 47 £ Median grain diameter/mm 0.003 0.015 0.250
VD4 1 Grain density/(kg/m®) 2650 2650 2650
VLR Y Particle settling velocity/(mm/s) 0.3 0.5 15.0
21t 34 %R Erosion rate/(kg/m?-s) 0.4x10° 0.4x10°° 0.4x10°
0.03 0.08 0.16

I #8112 U8 7 Critical shear stress for erosion/(N/m?)

22 ETEEGE

BRI & SR VAT, A 161, 7%
TEAE Y SRR L B IR ER VI 1R 35 2% (i it 4l 7R
MR VE IR ), LAt 2 4F V- S (EAVE R W R (8, 7%
JERIERAE A 0.5 mmol N/m?, 5 Ui sh #9140 B {515
27 1.0 mmol N/m’, TRy ki A FREh Wk F 2257
S R S e . BTENEK
REER R BEAL N 18 m, HA M 532N
Wi, SO0 IR I B e ] B 5] o3 A o A AR

RIS KN T R LG . A TR
BEADIRZS AR ) i 5 W B3 1k B sh 28 VA, 2
AR L 2021 431 AT HORE 3 MR ARLAE R
3AF B F T IS 2250 WT

AT H AR S A W b 22 5 R TRV 3l
BB RSB E AR MR A SRR E
S T T AR IR AT S 40 R
P (£ 2),
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K2 ABTESH
Tab.2 Ecological variable parameters
75 i 4 S Bl Hfi
Variable name Variable symbol Value Unit
TRk AN R ER 1 1 M 22 %X Half-saturation constant for nitrate in diatoms K, 1 mmol N/m?
Tk SR IR R 2440 FN 2 %X Half-saturation constant for phosphate in diatoms K,, 0.1 mmol P/m’
fif i i K /E K% Maximum growth rate of diatoms U_max, 1.2 day™
fE#AET % Mortality rate of diatoms PD, 0.1 day™
Tk 8 B e A KR Maximum growth temperature of diatoms T_max, 35 °C
Tk AR KR 280 Temperature coefficient for diatom growth KT, 3.5
Fe Wt A= K R Optimal growth temperature of diatoms T_OPT, 20 °C
Tk e e A= KOG ISR B Optimal light intensity for diatom growth I_OPT, 110 W/m?
Tk IT R Respiration rate of diatoms R_P, 0.01 day™
TR DR Settling velocity of diatoms wp 0.3 m/day
FHSBEGIS R > 1 Al 52 % Half-saturation constant for nitrate in dinoflagellates K, 1 mmol N/m?
ol Y%WEEE P40 1 24U Half-saturation constant for phosphate in dinoflagellates K,, 0.062 5 mmol P/m*
Wit KA KR Maximum growth rate of dinoflagellates U_max, 0.8 day™
ol 1%551—1 Mortality rate of dinoflagellates PD, 0.1 day™
PP 4 21 R JRU% Maximum growth temperature of dinoflagellates T_max, 35 °C
FH 98 A KL 280 Temperature coefficient for dinoflagellate growth KT, 3.5
PP 8 538 A K% Optimal growth temperature of dinoflagellates T_OPT, 18 °C
PP 3 53 A KO IR Optimal light intensity for dinoflagellate growth 1_OPT, 70 W/m?
FH 8 IFF I % Respiration rate of dinoflagellates R_P, 0.01 day™!
oA A R BT JE B 4R ST B9 EE ) Proportion of photosynthetically active
radiation to shortwave radiation pat 0.46
4li7K I R X Attenuation coefficient of pure water k, 0.04 m’
2% &K alift R4 Attenuation coefficient of chlorophyll-a K, 0.025 (mgchl)'/m?
T JE ' 2 8% Light attenuation coefficient due to detritus ky 0.01 m’
TR s e KA 1K Maximum growth rate of zooplankton G_max 0.8 day
TR s i KBET - Maximum mortality rate of zooplankton M Z 0.05 day™
TF Ui Bl W 4k B R [A] 4k 3 20 Assimilation efficiency of zooplankton feeding on
detritus effi_D 04
TFE s 3% & H iR [R] fk R X Assimilation efficiency of zooplankton feeding on
dinoflagellates effi_P, 04
TE U B W) 4% £ ik v IR) Ak 22 £ Assimilation efficiency of zooplankton feeding on
diatoms effi_P, 04
TP S 5 8L Zooplankton grazing index sigma_D 0.2 mmol N/m’
i sh P Kol % Optimal growth temperature of zooplankton T optz 20 °C
T JB 7 fL % Mineralization rate of detritus D_RN 0.212 day™!

2.3 HREVIGIF
2.3.1 AR

ABFFEHEI T T2 T3 (151 2) 45 3wl s %L
(AP A 45 2R 5 1 G VAR R b oL G o 9 T
HP RSO R A 4 B AT He X (81 3) , ik
IR 2021 4E097 A 1 H OBFE 7 ] 15 H 238,
F A AH =< £ %4 (Correlation coefficient, CC) .37
M 1% 22 (Root mean square error, RMSE) | 4 £ 15

http://www.shhydxxb.com

43 (Skillscore, SS) 45 3 P 4L 124 S 80 X #L L 2%
SRR B AT ALY

T B IR 45 R R, 3 4 0 s A G R B TE
0.95 LA b, 5 e 0 ¥ 4E 0.90 LU b, ¥y 5 iR iR 22
BI/NT 025036 3) , RUIBIAIZE IR 5 0% R B0
Bk R 4F, AR AL RE D 0 75 | BB AL UF H A
FL v T Sl 62 2 A
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T1
2.0

1.0FF

v Elevation/m

— 7% Model

o W7 14l Tide forecast

T2

{7 Elevation/m

@

T3

0.5F
0

05k -

v Elevation/m

~1.0 L L L L L L L
2021-7-1 2021-7-3 2021-7-5 2021-7-6 2021-7-8 2021-7-102021-7-122021-7-14
H 1 Date
B3 EALEE SR IE

Fig.3 Tidal level time series verification

®3 BAREFITR

Tab.3 Tide level error statistics table

A, WIRiRE MRS Hifigftor
Sites RMSE cc SS
Tl 0.21 0.97 0.99
T2 0.20 0.99 0.98
T3 0.22 0.98 0.93

232 P A gk

A SCAHE 2009410 H 9 H—10 A 12 H C1,
C2 Ui s, LA S 2018 4F- 8 H 29 H—8 H 30 H C3
A7 L 2) 18 SR S0 54 50 S A5 TR 3 338 1)
T 00 UE &5 S R (& 4) , #5575 AT 458 ey i A48 3
A3l A B4 B 2k VR O AR A
Tt I B RS SR T C 1R IT R SORg B W 22 A1, B
T8 A - Ml A 30 R P )23 K VR O 1) R AR Ak . B
TI A A8 bR A 1 I 1 R A o Y] 11 R AP AT ¥ 35
IR 1 4 ORI S R (6 4) . 27 1, R X

JIT R E K sl AR B B A4, AT T IR SRR Y
iz DA S HE SRS
233 BV IR

AR 43 5] 35 B 2021 4F- 9 K W VP ET (6 A 19
H) 53K EY (7 A 18 H) B GOCI- I 1A 1%
TG AT B 1) L2 G VDU BE 77 i 56 U AR SC
BRI R (K5, SRR, 2 )28
IR V0 e 3k v A S, T X 3 SR AR B
KA BN DRV B A E . 5 IR
FIAH EE , PR AR V0 i A U8 8 T 2 B LS 1) #9]
A0 A0 i 4 e 1 s # (18] Sb A Sd) o AR
752 (9 U8 V0 8 T S B G R AT P B i e v
B T 00 AT AR — B, LB B 0 R K R v
Je B8 T A T () A S R S [ YT 0 I R g )
PRMFRIE . 25 b AR SO by g e v AL i) #5547
i ASE DL 7K I D o R X YA 11 R R R VD A Y R
)8
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360 360
< 300 300
§ 240 240
2 180 180
8 10¢, 0f o
% 68 . * . 60
8-29 18:00 8-300:00  8-306:00 8-30 12:00 8-29 18:00 8-300:00 8-306:00 8-30 12:00
H ] Date H ] Date
(a) C1u}154%J2 C1 Site surface (b) C13 5 JiK)Z C1 Site bottom layer

C2  — 5% Model ® Wil Observation —fE7 Model o¥ill] Observation
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1
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g 06
2 04
§§ 0.2

0
—~ 360 360
< 300 | 300
£ 240 240
é 180 180
2 120 120
= ool 60

ol v S S S S S S

10-9 12:00 10-9 18:00 10-10 0:00 10-9 12:00 10-9 18:00 10-10 0:00
H#] Date H1] Date

(c) C23; i) C2 Site surface
C3  — 1 Model o Wil Observation

WL Velocity/(m/s)

(d) C2u} 45U )2 C2 Site bottom layer

— 57 Model VLl Observation

— 360 360

< 300 300

2 240 240

.g 180 180

= 120 120

260 60 |

0 1 1 1 1 1 1 1 1 1 1 1 1 1 ) 0 1 1 1 1 1 1 1 1 1 1 1 1 )
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H 1 Date H 1] Date
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B4 RIREIE

Fig.4 Flow velocity verification
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F4 REREIREZRITER

Tab. 4 Statistical table of flow velocity and direction errors

T

vl 4 Sites 7K /2 Water layer . cC RMSE SS
Velocity component
i 0.69 0.25 0.97
2¢)2 Surface .
1 1] 0.83 55.23 0.99
, it 0.65 0.14 0.98
JiEJZ Bottom .
it I 0.87 53.98 0.97
it 4 0.78 0.11 0.98
)2 Surface .
- it I 0.73 10 0.99
it 4 0.74 0.02 0.9
Ji)Z Bottom .
it ] 0.86 6.09 0.97
it 4 0.79 0.06 0.88
# 2 Surface }IL
- it ] 0.90 63.54 0.85
it 4 0.69 0.11 0.88
Ji$JZ Bottom ‘}L
it ] 0.79 62.52 0.82
N 0.03
38.5°
E
g 380° 0.02 2
2 S
3 7
& 37.5° 001
37.0° 0
N 0.03
38.5°
E
2 38.0° 002 2
= O
£ S
£ 37.5° 0.01 &
i
37.0° 0

118.5° 119.0° 119.5° 120.0°

2% Longitude

E 118.5°

119.0° 119.5°

2 Longitude

120.0° E

a,c. BEK20214F 6 H 19 577 18 ATV 4347 sb,d. BB 2021456 H 19 H57 H 18 HEIF I3
a, c. Suspended sediment distribution of remote sensing images on June 19 and July 18, 2021; b, d. Suspended sediment distribution of

model on June 19 and July 18, 2021.

5 RESERBERFRIDIILL
Fig.5 Comparison of suspended sediment between model and remote sensing image

2.34  ESRER HEER a BRI RIE

ARSC Al e DX o i 2 )
F I T T SR VR S T -5 W T R B 6 M AR
TIZEIR o WY A58 SR R e B 25 ) o A R AIE 5
Tp e PR AR 4 SR AR — B, A DY 1) 1 BT 1

fo 8 SRR 23 [R] 3 A REAE o vl Vi Bl ) R L
TR T 1601, 7E B 1 B2 4 4F 5 T 60 1, R
TR R Y A K 2w N T iRk
J 32 VI AR Y s W, TR 1 (>50 mmol/m?) M3k
PNV (>20 mmol/m®) ¥ B i 35 oy T~ HoAth X I, 45
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RVZE JLRIRE S 9 X — RO . 5 A PRk 2 (] 43
AT RFAE— B0, W 1R R v B2 Al R 30y By 1 DXl ok
FEE L, AE 0.5 mmol/m* 247 .

i 6 e GOCI- T T8 L i) 2 SR S AR 1 I 4
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W
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Fig. 6 Comparison of chlorophyll-a between model and remote sensing image
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Fig.7 Surface Eulerian residual current field in the vicinity of the Yellow River Estuary
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Fig. 8 Surface suspended sediment distribution map of Yellow River estuary before water and sediment regulation,
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Fig. 9 Distribution of nitrate concentration before and after water and sediment regulation
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Fig. 11 Chlorophyll-a distribution before and after water and sediment regulation
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Numerical simulation of the effects of water and sediment regulation in the
Yellow River on suspended sediment concentration and plankton ecosystem
in the estuary and adjacent waters

XU Zeyu', ZHONG Wei', LIU Jianshi®, LIN Jun'**

(1.College of Marine Science and Ecological Environment, Shanghai Ocean University, Shanghai 201306, China; 2.Ocean
Press, Beijing 100161, China; 3. Engineering Research Center of Marine Pasture, Shanghai Ocean University, Shanghai
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Abstract: To study the water-sediment distribution and ecological environment changes in the Yellow River
Estuary during the 2021 water and sediment regulation period, and to explore the impact mechanisms of
water and sediment regulation on the hydrodynamics and ecological environment in the estuarine area, this
paper is based on the Finite Volume Community Ocean Model (FVCOM). A three-dimensional
hydrodynamic and ecological model for the Bohai Sea was established, and remote sensing data were used
to analyze the spatiotemporal variations of freshwater from the Yellow River, suspended sediment,
nutrients, and chlorophyll-a concentration during the water and sediment regulation period. The results
show that water and sediment regulation significantly altered the distribution and diffusion characteristics of
freshwater and suspended sediment in the Yellow River Estuary. During the regulation period, the
concentration of suspended sediment and nutrients in the estuarine area increased significantly, and the
diffusion range of suspended sediment remained similar during both the sediment discharge and water
discharge periods. However, due to the reduced river inflow, the diffusion range was somewhat limited
during the sediment discharge period. Land-based substances were mainly concentrated on the southern and
northern sides of the estuary, with the southern side having a wider diffusion range than the northern side.
Meanwhile, during the water and sediment regulation period, the nitrogen-to-phosphorus ratio increased,
and the input of nutrients promoted phytoplankton growth, leading to a significant increase in chlorophyll-a
concentration. However, the increase in suspended sediment concentration caused light limitation, which
partly offset the positive effect of increased nutrients on primary production. The study suggests that setting
the sediment discharge period after the water diversion period is crucial for reducing light limitation and
preventing harmful algal blooms. This research provides scientific guidance for optimizing the water and
sediment regulation plan in the Yellow River Estuary, effectively controlling algal blooms, and maintaining
the ecological environment.

Key words: water and sediment regulation; chlorophyll-a; sediment transport; ecological model;

numerical simulation; Yellow River Estuary
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