47 2 Vol.47, No.2
2016 3 OCEANOLOGIA ET LIMNOLOGIA SINICA Mar., 2016
*
1,2 1,2 3 3
(1. 266100; 2. 266100;
3. 266100)
2006—2009 8 CTD R
251.63 R
4.27%
P736 doi: 10.11693/hyhz20150700202
R 105km ( , 1995)
, , 20m, ( 5x10°m’/s),
, , ( , 2003)
83m ( , 2007;
s 2m , 2012; Li et al, 2000),
3m/s( , 2013)
R , 1986; , 2009; R
20 60 ( , 1963; 2012; Park et al, 1990) R
, 1984; , 1994, 1995, 1998; ( , 2002; Cheng
, 1996, , 2004, , 2004), et al,2004; Lu et al, 2011; Wang et al, 2014)

* , BS2012HZ022 , 41476030 , 40906025
41576004 , 41276013 , GZH201100203 (973) ,
2005CB422304 , E-mail: ouc188@163.com

: s s , E-mail: qiaolulul26@sina.com
:2015-07-29, :2015-09-29



311
N 1
41° SRR
v 1.1
o ZEl—
WiV 8 ’
A 2oes 973 «“
L o HE (2005CB422304)”
? e Sign £l s 2006 7 2007 1
s Ny o 2007 10 2009 5
ESIRE SR
< o B
37° i Im S5m
7z 10m 15m 20m ,
Ol A AN A WAL /,;Z'“i 1
36%17° 118° 119° 120° 121° 122° E 123° ( 908
, 2006) ,
! Seabird 911 Plus
Fig.1 Th i i
ig e study area and observation stations CTD , , Im
:Martin ~ (1993) 90%—95% ROMS(Regional Ocean Modeling System)
, 5%—10% )
, 1% NCEP (National Centers for Environmental Prediction)
(2009) ’
69% . 31% ; 10 ’
4% 2005—2007 3 NCEP CFSR
Alexander  (1991) (Climate Forecast System Reanalysis)
9%—15% Yang
(2007) , 7000 ( , 2014; , 2015) <.
M
30% Bi (2011) ’ 2o M
1 4 >
40.0 / Zeng  (2015)
13.75 / 2006 2007
2008 2009
’ 1.2
(Zeng et al, 2015) CTD
) Im
) , (Li et al, 2009);




312 47
, 6.5°C ( 3b)
2
, , 31.4; ,
, , 31.95
, , (3¢
20°C 30m 14°C
R 60m R
11°C, 9°C
; ( 3d)
, 30 30.5,
_16ra
5 193] I 0.08146x+0.88942 ’
E 1t S Y R=0.02596
& 081 By 31.3
5o 6r . .
i §3f ’ ’ ’
% 05 1 15 2 25 3 35 ( 3e), ,
TRE(FTU)
. 10}
- b . 5 5
> 8¢t
£ 18.1°C;
€ 0 .
B4l y=1.0373x+1.206 16.1°C, ) 31.6
0% N R*=0.86969
O 2 5 4 5 6 7 0.1—0.15( 3f)
5. JQEFTU)
(o3
) ’ s
5 20 . 25m
£ 45
&
2o 10} ’
0% = 1.7499x-0.27677
5 Y= R0 9668 ’
% 4 6 _8 10 12 14 16 ; 8.06°C,
AEFTU) 0.04( 3¢ 3h)
351 ¢
~ 30¢
> 25} s
E 20t
® 5l
2ol y=1.285x—1.0033 : ,
S| R=0.98761
0 N N N N N N b
0 5 10 15 20 25 30 )
TRE(FTU) ’ ’ ’
2 B
Fig.2 Correlation between water turbidity and suspended
particulate matter concentration > > 50m
(a) ( 17 ) (b) ( 17 ) (o) ( 14 ) 60m , 11°C 18.1°C,
@ 15 31.3 31.6;
2 2
( 3a) R (13 ’9’
20m s , 38.60°N
-0.2°C/m , 9°C , s , 8cm/s;
, 6.5—8.0°C , 6cm/s,



313

E E
B B
i I
37.9° 38° 38.1° 38.2° 38.3° 38.4° 38.5°N38.6° 37.9° 38° 38.1° 38.2° 38.3° 38.4° 38.5°N38.6°

10 ”'M,L}m/ i 10

20 20
E 30 E 30
= 53
B %

40 40

50 50

60 60

70 70

73T v — v v
.-5\’-]’ “?7.74 ‘ ‘3172
BRESS S ‘
£ " , | g0
£ RN
¥ 40
55° 55°

37.95° 38.05° 38.15° 38.25° 38.35° 38.45°N38.

v v— A \a—
o msas N
. on 31.81531'&"'

- :31.815

37.95° 38.05° 38.15° 38.25° 38.35° 38.45°N38.55°

37.95° 38.05° 38.15° 38.25° 38.35° 38.45°N38.55°

3
Fig.3 Seasonal distribution of water temperature and salinity of sea water in the Bohai Strait

(a) (©) (e (® (°C), (0) (d) ® ()



47

314
B €
® 5
B ¥
38.0° 38.2° 38.4° N 38.6° 38.0° 38.2° 38.4° N 38.6°
0 \e }9 0.08 /
o
10 ' s
o
N
20 K
B €
e 30 K
40
50
60
38.0° 38.2° 38.4° N 38.6° 38.0° 38.2° 38.4° N 38.6°
4 ( ,2014; ,2015)
Fig.4 Seasonal distribution of the flow field in the Bohai Strait
(a) (b) (©) (d) (m/ss) / /
,( 4a) ; “ 7 ,
( )’ , ; 113 9 ,
s 38.40°N R s , s ;¢ ?
8cm/s(  4b) ( , > s
2003; , 2013) ( ’
s 2002 (3 kRl
) 3
38.25°N s
s 2cm/s ( 4o , 3.1
, 38.40°N
s 4cm/s, 38.40°N s >
, ( 5a)
, 8cm/s( 4d) , 0.9mg/L, ,
, « 1.5mg/L
( , 1998); s R 6mg/L;

( , 2003)



315

2
2mg/L( 5b)
25mg/L 2 I,
25mg/L, 6mg/L( 5d)
. Img/L(  5c¢) s s s 3mg/L
€
B
®
37.9° 38° 38.1° 38.2° 38.3° 38.4° 38.5°N 38.6°
10 o o M
20
~ 30
B E
[ 5
% % 40
50
60
37.95° 38.05° 38.15° 38.25° 38.35° 38.45°N38.55° 37.95° 38.05° 38.15° 38.25° 38.35° 38.45°N38.55
5 ( : mg/L)
Fig.5 Seasonal distribution of suspended particulate matter concentration in the Bohai Strait
(a) (b) (© (d)
, 1.82kg/s,
; s 148.28—186.10kg/s
316.60 s
251.63
3.2 >
3 ,
10%( , 2002),
b l b

588.42 51720 (1),



316 47

90%,  529.57  465.48 10884.36 ,
2006—2009 5 , 4.87% 4.27%
x1 HEEREFRBEEHPESRTRLHEBREEEFNE, HSRTRANDSE)

Tab.1 Flux of suspended particulate matter in the Bohai Strait (Plus sign indicate sediment transportation from the Bohai Sea into the
Yellow Sea; and the minus sign, in opposite

—1.82kg/s — 2.02 kg/s —
65.58kg/s 20.71kg/s 116.17 kg/s 60.67kg/s
151.72kg/s 148.28kg/s 156.57kg/s 153.50kg/s
186.10kg/s 151.99kg/s 471.59kg/s 439.82kg/s
316.60 251.63 ! 588.42 517.20 '

s

4
2006 2007 2008 2009
’ 5
6 7 8 , 2007 (
6,1 7 10 , 47.6 3455 8
1004 3 , ’
6mg/L, ,
25mg/L,
2 b (1)
( ) ’
( , 2013), )
= 6000
2 5000
~— 4000 (3)
18 3000 ’
é:é 2000 H H , ,
@1008 . ‘ . . 10 | o 0. = ‘
1 2 3 4 5 6 7 8 9 10 11 12
Rt 251.63 ,
6 2007 517.20 ,
Fig.6 Monthly sediment discharge of the Yellow River at Lijin 4.27%
station
> , , 2015.
’ 45(4): 1—8

> > > ’ s E] 2004 -



317

, 2014,

, 2012,

s

5

s

s

908

733—744

>

514—521
, 1963.

s

s

s

5

,35(1): 41—46
,70
,2012.
, (5): 49—57
2007.
) ,25(1): 28—33
2002.
) ,21(1): 43—48
2009.
, 40(2): 129—137
112
2002.
,32(4): 511—518
2013.
,31(1): 12—21
2013.
,39(11): 94—99
, 2006.
,1994.
, 16(5): 1—10
, , 1995,
,26(5): 466—473
1998.
,29(1): 86—96
7, 1984,
14(2):12—18
1986.
,27: 124—134
, 1996.
, 18(5):
1996.
, 18(6): 8—16
2013. EFDC
, 28(6):
, ,2004.
, 34(4):

, 5(4): 255—284

s s , 2003.

. ,21(4): 454—464

Alexander C R, Demaster D J, Nittrouer C A, 1991. Sediment
accumulation in a modem continental shelf setting the
Yellow Sea. Marine Geology, 98()(1): 51—72

Bi N S, Yang Z S, Wang H J et al, 2011. Seasonal variation of
suspended-sediment transport through the southern Bohai
Strait. Estuarine, Coastal and Shelf Science, 93(3): 239—
247

Cheng P, Gao S, Bokuniewicza H, 2004. Net sediment transport
patterns over the Bohai Strait based on grain size trend
analysis. Estuarine, 60(2):
203—212

Li G S, Dong C, Wang H L, 2006. Numerical simulation of
transportation of SPM from the Yellow River to the Bohai
Sea. China Ocean Engineering, 20(1): 133—146

LiZ,Bao X W, Wang Y Z, Li N et al, 2009. Seasonal distribution

and relationship of water mass and suspended load in North

Coastal and Shelf Science,

Yellow Sea. Chinese Journal of Oceanology and Limnology,
27(4), 907—918

Lu J, Qiao F L, Wang X H et al, 2011. A numerical study of
transport dynamics and seasonal variability of the Yellow
River sediment in the Bohai and Yellow seas. Estuarine,
Coastal and Shelf Science, 95(1): 39—51

Martin J M, Zhang J, Shi M C et al, 1993. Actual flux of the
Huanghe (Yellow River) sediment to the western pacific
ocean. Netherlands 31(3):
243—254

Park Y A, Khim B M, 1990. Clay minerals of the recent
fine-grained sediments on the Korean continental shelves.
Continental Shelf Research, 10(12): 1179—1191

Wang Y, Li R H, Wen Z H et al, 2014. The summer spring—neap
variation of the water thermohaline—turbidity structure and

Journal of Sea Research,

its dynamical mechanism in the southern Bohai Strait.
Continental Shelf Research, 90: 52—59

Yang Z S, Liu J P, 2007. A unique Yellow river-derived distal
subaqueous delta in the Yellow Sea. Marine Geology,
240(1—4):169—176

Zeng X M, He R Y, Xue Z et al, 2015. River-derived sediment
suspension and transport in the Bohai, Yellow, and East
China Seas: A preliminary modeling study. Continental Shelf
Research, 111(Part B): 112—125, http://dx.doi.org/10.1016/j.
csr.2015.08.015



318 47

DISTRIBUTION, FLUX AND SEASONAL VARIATION OF SUSPENDED
PARTICULATE MATTERS IN THE BOHAI STRAIT

LI Ai-Chao"?, QIAO Lu-Lu"?, WAN Xiu-Quan®, MA Wei-Wei®

(1. College of Marine Geosciences, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of Sea Floor Science and
Exploration Technique, Ocean University of China, Qingdao 266100, China; 3. College of Oceanic and Atmospheric Sciences, Ocean
University of China, Qingdao 266100, China)

Abstract Bohai Strait is an important channel for material exchange between the Bohai Sea and the Yellow Sea, and
the only pathway of sediment transportation from the Huanghe (Yellow) River mouth to the Yellow Sea. We studied the
suspended particulate matter distribution, flux, and the seasonal variations in the Bohai Strait, for which suspended
sediment concentration (SSC) measured by water sample filtration, water temperature, salinity and turbidity observed by
CTD at eight stations in the Bohai Strait in four seasons were used, and a three-dimensional high-accuracy numerical
modeling was conducted. Results show that the intrusion and retreat of the Northern Yellow Sea Cold Water (NYSCW)
were the important factors controlling the regional temperature and salinity distributions in the Bohai Strait. The regional
current pattern could be described as “north-in-south-out” of the strait in all seasons. In the middle and upper layers, SSC
was higher in the southern and lower in the northern parts of the strait. In summer, the bottom water in the northern strait
was controlled by the NYSCW, where the SSC was higher above those the surroundings. SSC of the Bohai Strait increased
in turn from spring, summer, autumn, to winter. In addition, the annual averaged net sediment flux in the strait was about
2.5163 million tons, among which the sediments transported to the Yellow Sea accounted for about 4.27% of the total
sediment discharged from Huanghe River.

Key words suspended particulate matter; flux; seasonal variation; Bohai Strait



