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Analysis of dynamic mechanism of estuarine saltwater intrusion and its applications

Xu Yanwen'’, Tang Suxuan’, Zhang Wei'~’
(1. State Key Laboratory of Water Disaster Prevention, Hohat University;
2. College of Harbour, Coastal and Offshore Engineering, Hohat University)

Abstract: Based on a one-dimensional salinity advection-diffusion model, an analytical expression for the salt flux transport mechanism
in a regular semi-diurnal tidal estuary was derived. The effects of factors such as runoff, salinity, tidal amplitude, tidal current
amplitude, phase difference between tidal current and tide, water depth, and estuary width on salinity diffusion were analyzed,
quantitatively revealing the physical mechanism of the saltwater intrusion process in tidal estuaries. Furthermore, this analytical solution
was utilized to explain the importance of each component of the salinity transport mechanism in Humen of the Pearl River Estuary. The
results show that the Eulerian transport mechanism is controlled by upstream runoff; the Stokes drift transport mechanism is controlled
by the tidal amplitude, tidal current amplitude, and their phase difference, and the tidal pumping effect is the result of the interaction
among tidal pulsation, tidal current pulsation, and salinity pulsation; during the neap tide period in Humen, the semi-diurnal tidal
characteristics are prominent; the advection transport is the main dynamic mechanism; the Eulerian residual flow transport is dominant,
and the tidal pumping effect is not obvious; except for the mouth area, the salt flux generally shows a seaward transport trend during the
tidal cycle; local areas of Humen are controlled by the tidal trapping mechanism, and between Zhangpeng and Machong stations, the
downward discharge of saltwater is obstructed, which further intensifies the saltwater intrusion phenomenon in Humen.

Key words: salinity transport; salt flux transport mechanism decomposition; salt water intrusion; the Pearl River Estuary; Humen

TESUMGARACFI NS TR S RS2 T, S0 Rl A ) 1R K AR R B S a3 | ok AR AE A s 4
1 AT A4 JEUM 2 — |, T AR b R 2 25 T 1 = A A S R g L T R B s U B ) 2 AL
ST TR BRI 1 £ K AR RE A SR 2R 2 — - F AT MR B iz sl MLl 8 —Fh il 22 iy
7RI S IE B S i IR AT R K ARl Ty LR — e B T B g ke R S A
YEIGETH oA R R s o0 o 22 B R T R 4

T 1 R0 e Ay s ML) ) 20 i, i P 10 e R T S R R A A ) 3 ) AR A ORI AR S o B FI 2 B
D7 SRR L RKIRA PRI L BEE RS ANWIR A 3l f i s AL o H AL, B ) R
[ V)25 7 2 f) R BE 32 43 B DT 3 T AR, AK RS AR Wi AR N A i, T & 20 14 80 4F:

ELWB . FREAVAITRIBH (2021YFC3001000) ; #5085 ABHIF L 55 2% 4 U5 2 100 H (B240201003 ) 5 65X A B} 2A 2k & 301 H
(42006155)

TEER . HIEC(1988—) , L, Ml T, B NFIW D A2 K3l IR EEFSE . E-mail : yanwenxu@ hhu. edu. cn

BEEE. KEF(1979—) 5 282, W1 T8 NG 0 K sh 298, E-mail s w. zhang@ hhu. edu. cn



) IR PR S SO RS R

AR, AR DX B A RS A 8 A B AL 4 A o i) T 202 TR R R H b die 2 2 s HL T (L 55
B P A iz (HE R s e e T s 9 AR s AR s A T 1 e R R AN R
A YRR A T I T LA PG R T80 00T . SR, B SR f iz LA ik X S BRI AR
B, A3 R A R AL A L i 2286 A SOT B e, Ir A 4 RAETEAF AR 22 57, i M R R O AR E
PSRRI E . [RE, HF COR— NI RRE | 3 ) S PR R =i R e, B AE [ — ) 1T R
[l Bt 2 Hh BE R S LRI A 278, LAt L B i 1 DA 491, G 0 1D o7 90 A O il i i i 1) 2 B2 AL
T ] 1 AP 38 U 2 308 A AR RS ) B A (] ] 1 AR [ e B g A 3 s L
SRAROR o AERTE = AN T 1] R i), A R S V1A 5 | A 1) 6 8 a4 i, T £/ DN 031 47 4R
SIZ AL S R SRS SRR 128 By SRR W R 1 A 3 O S AL URRAS SR
SR, i > RS il 1) 1 T 47 4R 9 S TR AR P I R 1 A R B i D) LA 1) 99 D)
FIR 255, HOM R 1 ST R Ty I izt

AW B IS L] TR M RS B2 (A AEAE — i I SR BR A : OB AR 43 % 5 % 7k
SCEARHANE 1 s O NP 290 2 TR AR S S AL Pl S BRI P BELER 5, e 2 5 mT 4 ) A A B e
SCRES BRI AR SCRE T K AR AERSZS AT, 4 S B R IS AL A0 A T A 2, A
Yt R SR R R IR AR /R 3 Y sl LB R i) S SR B DR B AR B OGRS IR RLBRIT H
RN, Al SR B2 57K SCHORE, A B 1T R B iz ML ] 4% 3 A 30T 1 STk o/ N5 2 UGR &R IRBIER KA
{209 T8 AL, LA SRS ] K AR LR 5 4 B A

1 =HiESVHI TR

1.1 HAKNBIFRSHENRF
AR X O AT A — R R AT K AR Y B R A ST B, BAERF SR BRI I 4 5 25 1]
SIARRFE DT T M I B ) BRI, IR B T T 22 3 T 22 M s TR 38007 (1 Xt 4 O e . 1%
T3 % BB Z Ik 2 KR AR S I 2 13k FE Y RO BRI (B R D 4 A S0 sl B b ) ok AR BILA
B R BR . ot o e 52 A v 4 B D 33, g S B 2 i P ) A RS A T ASE AR 1 | DL S
2 W) 1 7K AR B I s AR S A
FEXT—HEER BE XTI B R A T @RI, A SCFE 4325 16 1) 1 ER R AR PR B S 80 ) 464, #hokiR
G SR AW B I E VIS JUHAEAE 3= SRR T ) 1w R IR A RS SRR G R R B Dy
o R T BRI N DA —AERI R GE AL T A R b 2 1 R BE YO s R L PRt AR SO ERURT T GA
] A48 B2 T e 3 A, B AR 7 s ) 11 MY (8 ER R AR Bl L — R B i B B AT R R
d(As) +8(Aus) =i(AD§) 0
ot 0x 0x 0x
A T EUBTIA AR 5 s A7) 1 DR TEDF- 28R B8 50 DRy b Ta] 5w SAi) 1 BT P-4 00 5 o S DN T TR AR B T AR ER
B JE AT LR 1) LT ) IE ;D SR BEN B BB, RGN 5 I R TG i # T
T FUE SR ER K AR P BAT W35 52 A2 38 5 008 WA R F2 2 5l g hi] 11 1 JE A8 Ak A7 e U 3 )
WA S8 Aot — 2R BT ) SR A 1 48 RO SR A A AS 3 A BT IZ A T S A SR
S TAT 11 D T T AR A S AR B SO, 3R A AR
A =Ajexp( — x/a) (2)
Hp Ay =B,[hy + nsin(wt + ¢ +&)] = A, + nBysin(wt + ¢ + &)
KAy A ETTAE R RERTTE TE AR (v = 0) 5 ST AR A USCSCR BE , mT LA ik D 1o 1o RS S st #0065 o 5 B,
T TWTTEE B B8 RE 5 hy S 15T 1 B2 7K B 5 m S R o R AR 5 0 SR A5 & DA I 67 R 7
A RRAARNL2E 5 A R E T TAR I R X T AR, — s 0 AT T B K R, 80 047 i et R X 7Kk T
BN (/ho<0. 1), BUTRT A0 ] SR DB 18 PS4 TE AR A AU A X s AT — Bl B G RURIT
s=s+s,cos(wt +¢) + s,sin(wt + @) (3)

A os I RS ERIE s, s, 2000 0 R BE AR T A X T0URI IE 5% T AR IR 2R 0, 1BUE T B2 — 1B




552 1 TREESC, A T R R AR S Ty L A AT 5 ] 3

] AZ A A 5L w, = veos(wt + @), Horb v AR IR IE , W IEE, DRI IRE u, (CHAUE, S AR
Ui RO T TR FR A 56 2R BHRE R w, = Q, /A =Q, /A =u, i Q, N LW i u, 9 LW iR i
T JE S0 22 W T 3 D)

u =u; +vcos(wt + ¢) (4)

P (3) () ARAS(1)  FFARYE PR AR S AL Sy — A7 R4

0s, s, D 9,
s, fu—=D— - ——
ax ox a ox
ds Js 9’s D Os
wsz+ﬁf—l+v—s=D 21———1 (5)
0 ox ox a ox
95w Os, s D o5
ufi + ——= 72 -
ox 2 ox ox a ox

AR AR X W 4 WO B AR SR AIE 2 AR 5 s, s, 20018

s =s.expi [ mlexp(a/a) — 1]]} s, =cexp{mlexp(x/a) — 1]} (i=1,2) (6)
Xhesy FEATTABERIEREE s, oy om ATRERMEISEL, B o) T, KT x BYZBALAR/INAT Z2 0% =X
(6) A (5) RT3

) el
w
el .
2] Sl
. ﬁ[aexp(— %) _ @
D DA,
F(6) (7) A (3) WTAFERK AR AEFR ST iR A 2800 .
s =soexp{ngiexp(z) - 1}} [1 - %sin(a)t + (p):l (8)

1.2 **l_gﬂlﬁﬁwﬁ%ﬁ*ﬁﬁ&
ERNZ ARSI AT AR AL 4 S T AR S R AE B 2 H ] 1 Y pR AR R 20 (2 (8) ), Rk
ﬁméﬁ/m AN A ) 22, EE X R B AR AR | PRk B 43 S P A

s =5,€ {gil ':exp(x :|}+soexp{ al:exp x “(—:;:;)sin(wt+¢):s+81 (9)

Hrp S, =s(—vu/Dw)sin(wt + @)
RS, ABEE I A AL RRKIE A b = h + ysin(wt + @ + &), W] O AR R
A=Bh=AP'FZﬂth+¢+8ﬁ (10)

A B A IA] T W TR 2 56 B 5 b oA IS 28 KR T 11 U T T ARz 8 0 A S ) B 47 AR i A A S
S HHARLRRAE , RoR A

A=A+A =A+Bysin(wt + ¢ + &) (11)
A1) H A, F5 B 30 AR LR T 1 1T /\,%‘%/T{TD%ﬁﬁﬁf\xiﬂ{%(ﬁ?}ﬂﬁf/ﬁﬁ,ﬁﬂﬂﬁ’}?%o i 5 AR
S0 (el R ok s R W M S TRTETR s Vel A A ¥R TR U Y S LI B i Y sy N T

0. Q{[l —Zsin(wt+gp+g):|

u, =— = = Kii; —Kﬁi-gsin(wt +to+e) (12)

A B n\’>
Bhl:l _(h) sin”(wt + @ + &) :|




4 IR PR S SO RS R

Horr K=|:1 —(Z) sinz(wt+¢+a)}

0 (12) B (n/k) sin® (ot + @ + &) BH/NT 0.01,x fE 1 BIIREEAR N, AT RIBCHY 1, 1t
WF, u, AT PR O3, 56 — 0 0 wu, TEIZE U AT R S 00 A2 Ak 1 U, FRAVE BRI AR Ui, 56 — 3K 41
- kumsin(ot + ¢ + &) /h FAEHAALAER . #X12) AKX (4) 15

u = ku, + veos(wt + @) — Ku, %sin(wt +to+e)=u+U, (13)
2w S A S U S IR i S B R e R N [E) B P 3 e R T %) h s i DU )
NP ER R ] AR R

FzéﬂLmM& (14)

AT R A F O JE S R R R B 0 S AL BT L3 A AN [E] 14) B g A X BE G Tk K
K (9) (11) (13)FRAK(14) ,AT7% .
I B 1T _ 1T 1 (T
Fewsud+s [ AU+, [ ASd+A [ USd+ [ AUSd=F +F, +F +F, +F,
T/0 T/ T/o T/
(15)
K(15) H F, ZAEH TR, F, (AR IHE e s m s DR E iz, F, M F, FeEE AR mbm

E' BRI RZ . R, P, R F, R ROMAEBLIE T XTI T 1% 5 F i 2
P DU 2 L 45 T3 R O 34 4000

_ Qa x 4
F, = Ksoexp{Dle{exp(a) - 1} uA (16)
F2 — anoexp{ofa|:exp(x) — 1:| } (vsine - Ku 77) (17)
2 DA, a h
1 -a ‘Uﬁz-
Fy = ZKanoexp{l())tAiexp(z) - 1}} (— Dai)) cose (18)
nKQ;_ Qia x vu
F, == 2hsoexp{Don[ex]@)(a) - 1} } (— Dai) cose (19)
sB v ! m i
F =H7(— uf)f [cose — cos(2wt + 2¢ + &) ] |veos(wt + @) — ku; QSIH(UM to+e)|di=0(20)
’ T Dw/ ’o h

I (16) ~ (20) T, F S R ) S0P 25 E0  R ) ] 40010 2 gt sl 4 o, L i A0 Ot 45 Tl M i as L
HEH B AN 5m F, BRERZ WiGs B.on v . e , BRXO7)PESE u, HE2W(12) FR um/h
ARG T8 PR 5 | 7 1 U o v AR AR A X6 A 9 T B s i), AR SR TH T A A, Jor LA B
Fere s s AL 2 3 T IR IR A PR ARG 25 kL SR K Sl RN ER FE Ik 3l 0 AR ELAE e
F, A bk sh AR B Ik sl ) AR B AR e R, (E R 3 4 SR AR R, O AR S, B DA S as VR AR AR . Fy oA
W IKSN 8 i VK Sl AN B Dk 3 =28 (R A0 AH B AR w7, 2 L DE S e 6 B iz i SR AR X1, Py FE A AT 2
W CRIFL AN BE A 22 90°) 4 0, 1% 55 Rl i i K Seiil vorb o i g ie— 20 (8B R  fE—
e e F R F S A — R E— IR s MR

g 1 1
F,+F, =4 7foUlslou ¥ 7foAlUlsldzs = 7foBhUISIdt (21)

— 5 DR SR G5 1T 0 £ 5 | % R S K R A A T, % — i B 23 Bk sh A
DKV AR ARIT , ORI — e /N ) ST — A e, R R 0
2 LN B

2.1 HRERER
A 5 AT AR SRR BRTT = A 90 B 1 T3 1 ST O , 18 A AR A M A A 20 B AL A o3 M D vk A R



552 1 PRI, A IR AR Bl AL A5 1] 5

2 HAT RS AP BRYT OV TP [ R I A 0 i AL, 3 PG YT VTR AR VT = K S e ) I R
Jo AR 8 AU HES Y 43 T K B 8 A
CTRARIHE, FEITSARAAT o, F4ESk f e 235N
T2 600 42 m® MYAR 3 IC AT 7, H
Ui F2 BER ARG R AR VL ACTL AN G B T, an & 1
fizs, NETTR T 22 e K, e R 2 0
3.66 m, FH2 1. 70 m, H k& e e /N ]
HE R T R AN ASELI A H e
B KA PIASASEE 1) (e S A H0 R, /N8 1
H AR 5 AR, 32 B3 80k 0] 2 3 1 .
TRV FUEVRRE I AE R8N i 2 ) 52 4 H 43
(A2 i) 34 5, 38 B0 4R B 3 Y B A8 OR 6 AR
,@[14] 3
2.2 WARHIE

ARSCR I S ik H 2005 4F P IT b . \}
TLCERYT = YN 0T DX Aty 7K 39 1) A5 7K SC i 56 [125E 1307 (135K 1140
Mg [ 2005 41 A 18 HIFEG,2 A 5 HE5 K, E1 PRREREXES
FEHEAT T 32 52 JEE ] 25 7K SC 56 S FEXT Fig.1 Study area and related stations
AT T W, 2005 4F BRYL = A NEIE T 240 [ 1985 4R LK ™ E A JR0E 0 AR T S8 % -
WK PEVRIEE R R MR K S, AP Wi s i, L U rkamr RAE R 46 K 22k /K F 2005 4F 1 A 29 H 3|
IRTOKEE L BTLL 1 H 29 H UG, 45 D0 560138 A B X5 % S A0 A 10, = B T R 0 0 A, D 3k K O Y R
70% , =K K TR IS 161% , 1615 H RFAED, Wi 2R 3R IRKIR A 7845, 10 1Ak T g 2R A IRE"
{EASER MY, 2005 AF A K 21T, BRI = AN IE B 42 3 AR AR R T2 007 | U i B 5 1 AR A0l 20
T 30% ~50% , PRI B THEA SCHIF 2 30 1) oA 1R 0 6 25 AR R IR K A0 )2 B 4

WHC 1 H 26 HBBEEIE AN, 1 A 31 B BB IE A /NS0, X FEr T 3R R AR TE K /N
T SRR AR AT T X T, B 2 ml A JE AR S » MRS — M2
(R (8) ) AEME 1 — TR 1 IR WAL FE PRI S A, SRTT, K |, o VDI MR
VB B IS A A A 3 (R SRR SRR AE AT B ) SR A X
SEARMELLSE 2 R IEE A B, E— BT R B, /NI 2 7
PRI F N FME A, s AR S O i o 5 |
G T, P14k R A 5 B0 5 R X AR, e 50
Shy SR (RS KON 2 00T FURRAE , 52 4 B 2 B R A8 3l Js | | | | | |
FIFEFEVER . AT 0L ASCEE S A IR RS AT R AL E LU S 0 4 8 Hﬁléﬂ/}} 16 20 24
SRRT 1 SRBUE S, T o 22 iR R A HO s R R s Ak L ) -
RER. PR SEFRE NN (2005 46 1 F 31 F) pyscigg B2 RDEMERAESEBEL

~ ’ . . NN Fig.2 Tidal cycle variation of salinity at

HEAT AT, IR R A 0 6 3 A4 6 A KB I I V3 |
JRIA KBRS A (B 1)
2.3 RGN
2.3.1 EIHANZERSBTER R Z

AR BRI 11 SR b8 A8 1) B0 SR g AT A AR e ) B ST 25 (98 o] 0 S T B AL TS8R B LA ROK
T h ISR AR AL B IA AN

50 km

ZRIT

23.0'N

T

T

220N

Huangpuyou Station in Humen

A
B = Byexp( — x/b) (22)
h=h



6 IR PR S SO RS R

By S ET TR B8R 56 d 43 590 e 1 T B K IR IS B
AR SCR T SE N /K TE LR ARSI 5 B B B Fn . BRITTIAR S HCR T S2 il K SCE i A e
FEI T Ay oA 37822 m” JAT 11 @ Ky 16. 7Tkm; L1581 B, A 3288 m,b 4 25. Tkm;h, A 11.5m,d K 50 km,,
H TR PR IE RS 1 A 31 HAKALE B E S IRIE » BLO. 7 m, WITAAHLL o+e A 0, K IRF T H] 25 £k
K h=h+0. Tsin(wt) ,/NHABVERE B EEHME, B v = En/T E U T 15 B2 i i 23 28 fh it 7k

s =soexp{gf:)[exp(z) - 1]} {1 + i[— xexp(z) } sin(wi + ¢)} (23)

2(23) v, WA P HCR B WA ZE AR S SR B Se g R e ) R E A R E 4 PR, il
o 2R S BER R E B /N R T TR R 0. 6 m/s, L FIRIEEAHAE @ -0, 7 rad, W7 -5 8 % AH A
# ¢ 70.7rad,

14r 951

. o SEIMA
121 o 2 o S 9.0 —K{’i{é:
Lof* N R
0.8 _
£ 0.6 g
= 0.4 b
% 02F Z
0 .
02+
-04+
—0_6 1 1 1 1 1 J 5.0 1 1 1 1 1 J
0 4 8 12 16 20 24 0 4 8 12 16 20 24
A Al /h 5[] /h
B3 /MNEHXEHmKIEEE B4 NABKBGREESREEE
Fig.3 Calibration of water level process at Dahu Fig. 4 Calibration of salinity process at Dasheng
Station during neap tide Station during neap tide

2.3.2  EITHARNZHH) LA TS 12

A3 (15) AN, ER3E AL AT 2 g R WA AR T E S T R 8 F, B AERPLR I F, M
SN F, PIARsT W RAEH Py A4 Fy F, FFS, BE5E 2005 4F 1 H 31 H A /N AQ SR 5, Wi e
TR AR BRI R BRI KR A, AR (16) ~ (20) AR 2 H R 5 P R AL
Tl Al G5 R 1,

2005 4F 1 H 29 H , FUVTIAK S, 28 1 HP BB AR s i T — & BB R RROR . 1 TR R s % ia
315 R A T S SR I A PR B A A B, SRR T8 Bt ) Bl X FBR R T AT TR h, 1 H
31 H/NEL, PR 1Pz & s s pL] S A E I LF-2 00 /NI, 51T B i 2R 2800 AR 0 T
S-Sk s AR PG R 38 i s AR N e R B bk 2l R bk s 5 R i i S5 ksl 5 1R g As K/
L, AR

=1 NPHENREERIEIHE D E B{L.PSU - m/s

Table 1 Decomposition of salt flux transport mechanism in Humen during neap tide unit: PSU - m*/s
Py} F, F, Fy Fy F, Fy Fp Thim
PN -5553.45  6704.82 1151.37 -13.31 13.31 0 0 1151.37
=) -4970.78  3996.15 -974. 63 -13.78 13.79 0 0.01 -974. 62
p=RiA -4216.94 4164.55 -52.39 -23.21 23.25 0 0.04 -52.35
R -3402.21 2072.90 -1329.31 -11.95 11.95 0 0 -1329.31
K& -2619.90 1080. 24 -1539. 66 =7.71 7.73 0 0.02 -1539. 64
I A -961. 00 417.52 —543.48 -5.43 5.43 0 0 -543.47

DR A% Ui i 5 ) 38 1 D T T R A /N, 32t o T 3 0 B U Bl b e R BN ke, R A S
AT R AU 5 | A ) 818 iz S il R T AR /N RS DA T T8 109 38 T 38 R B3 1) 239% , e A8 A AL
FRER A SCRT IR Y 3 AR AR S R v o e AL o — 0, T E B R AR U A0, e B 32 3 B i A A8 A i R R 1R
FRISENE] o 8 ol T B A ol | BRI AR U i 128 ) 0 308 e 1 300 07 203 0 ek, 56 30 e el BB 3 609 , 3K TE 2 1 IR



552 1 PRI, A IR AR Bl AL A5 1] 7

I Z2 VAR B IR |76 | AR VAR AT P 8058 S50 A U A /N L S BT A £ B A a2 ) B30

WrE I IR e B o Y ﬁj’r{hﬁ_%“ﬂﬂimxeﬁhﬁﬂﬁﬁﬁﬁﬁﬁ,,ﬁ\f(ﬁ{ WA S5
(B 5), i (17) AT, AR A 5 AR AT R T8 (2 10T 3 1T 5 132 1) AN AL U84 (K T S AR 39 5 ) 1k . 30T 4E
SO R A I iz p R %i/’:ﬁzﬁ/ﬂziﬁaﬁ% SRR K TE WA S BRI LA G . R AT S R
Tﬁ?oﬂm 125 1100 i Y R A ML S T S U TR i £ e e S AR R O — B, U/ NI PR 1] R iR

M RS S A S I SRR AR DG T

(EAS TR A , AR L0 A DR Bt 1 B S A i ) 368 e i Dy o) X2 g 1) 8, (ELA A b 30 (ORRIR ) 6 36
iz TR (EEE) BB . X RMY, LI AR RE L) R 0 N R RE RE V& 0 S T i IR R
JRRA 22 ] o SRR 3 57 T AR VT S0 - R DX ek, 52 2 IR i sh F S 2 AR, R B iz e ik S5
HEWF 2. 6 km BYRBEG I A—E, ih— 280 Hr RIS il $had H 1) N iz sl NG SR BOE 1 BRI sl AR
Sl ) H Bt (18] 6, 18 h U 3R D7 [l RO UR A ) o H 1T 6 AT JA1, JRRA s ) H X v it e 4 O TE AR, 3%
A el b 22 S R BB 2% o I T REJE: T UK AR X 32 B M R | JC ik R % S He i, 5 B0
AR A R R K S XA B GAR AT RE A SR AL 5 DR [RII teJ2 pRTT L Ui kKO LR 25 i J A
Z—o MWZT B AL T ARV 3 AR K T I8 1, HC A 0 A 1 3 ) 22z ae i il R B 5 R
Tt SR AN TR O RFAIE Ay SEE 355 BT 3t o M 2l 3 DR %ok 66 B s 940 B T, X 22 e A T A S5 ) e 3 288007 %o
Thid iz iR T TN R 1T B S R e v R ) s LA AL e AR AR LR 2,

8r P 150 G
-4 L

;? 6 - F 1(5)2 iR
£ —F L

54_ Il-llll-l.;l.ll
of

z 2 |

= 0\/\/ [@—100
E o} B -150t
s -200}
w4y 250}

-6 I I 1 I 1 I 1 ) B0y

0 5 10 15 20 25 30 35 40 01234567 891011121314151617 18
FEES/km i i)/
5 hNBHRBEERRETANE Bloe mEMAZMHSFRELTN(1IAI9BEE2RA4H)
Fig.5 Along-channel variation law of salt flux Fig. 6 Daily net discharge variation at Machong and Dasheng
during neap tide stations ( data from January 19 to February 4)
&2 NEEIRIAEERESHITILE 2% B PSU - m/s

Table 2 Decomposition of unit-width salt flux transport mechanism in Humen during neap tide
unit: PSU - m/s

i F, F, Fy Fy F, Fs Fp i
Kk -1.69 2.04 0.35 0 0 0 0 0.35
blLp | -2.27 1.83 -0.44 -0.01 0.01 0 0 -0.44
TR -1.58 1.56 -0.02 -0.01 0.01 0 0 -0.02
JERI -2.06 1.26 -0.80 -0.01 0.01 0 0 -0.80
Kk -2.35 0.97 -1.38 -0.01 0.01 0 0 -1.38
WA -1.98 0.86 -1.12 -0.01 0.01 0 0 -1.12

MNP TR B BT 8 AL o3 A 0 AR AR RS, 11T TAMRTE R e s Wris s /R i A, S8 ki
] R4S, 2BRZKE W AR LR R e, 3 HC S 3B I A FH A4 PR 5 £ 0 e VA R AR b S B PR s U (1R 7))
PLARTAE FH 5 | 2 10 B 5 5 5 2 ph A% U0 I 13 K IR UL E ElHﬁ%%ﬁ@%ﬁcd\,i%%m?%ﬁ%’iﬁiﬁd\o
TR AR TR A AL AN, K TR A AL E PR R 42 00 46 T PR AR A5 AR R R, 7R D0 BATEN 9. 9 m, VA ) 1 V8 382
5m BRI 7. 85 m, KA 9. 3 m, B RKFL A TR Fiv iz 1) 5 5 8 38 e [RUK R OC R M AR KB, FAFEhim b
FETE LR T UG O, FEER KRN SRS B A o 55 At sl LA AN (] 1 S DR AE T 2 08 30 ) 2 11
RIMES,



g IR PR S SO RS R

3 &% iE
$i%?%mﬁﬁfﬁﬂ%ﬁ%iﬁk%mTﬂ by 3

i L B AT ek s, Hhal i s HL 3 5 I, 23l ok BR

PEAGUAE I 9T s S B F T 28 523 Y&Hﬁljﬂ/ﬁﬁﬁlj\ \
T RE VR Dk S A T R WA 47 Fok sl A I i 2 3 1)
Fe CRAR B HF-Jidkanaz , Ja = S AR G 7 T A A iz
ot inas ML 025 B, e BRER B2V %7 ok sl /1 X006

LA A/ (10° PSU -m/s)
LS

R
|
Y
2

Tk S ISP & 1 Al 33k — 30, BERIAT 5 A R, BRI s?
P FRHILHIAE F AE 5L i T*I'?*HFL;HEE“%J,ﬁr{%{JlL(ﬁfyﬂﬁ _310 1I5 zl() 2|5 3|() 3I5 4|0
Sl FHIURI g 6 1 1 5 325 3o 8 o 5% 390 ) 39038 0 8 40 B IR FEB

Wi, WP R BRAE RN F 3 (4 F) AT I 3 B B 9 ik B7 MNEMRESEEaREEeaRe

BVE FAT A ER B ks AL R 0 ,BpE i EEH., BTN Fig.7 Along-channel variation law of unit-width
1Y FEVRFAE 5555, PR EA 25 N Sk S R salt flux during neap tide
ST R B AR TR /NP iz S R K AR B9 S L], Wchr A iz o, Jom A e R AT
SN R R AR eI, A WIS A B T A A R R s T R R B, BRAE I Al A
i B 2 B K B R R K AR LR

S E Lk
[ 1] SKBIRLE, fE/ N k. — 2 PHARRT 11 £ K AR X A2 0 K sl A8 A i 2 [ ) 90T ¥ SR 2 2 4 (AR B A2hR) ,2024,52(3)

96-102. ( Zhang Zhaohui, Wei Xiaoyan,Zhang wei. Response of three-dimensional ideal estuarine salt intrusion to changes in river
and tidal forcing[ J]. Journal of Hohai University ( Natural Sciences) ,2024,52(3) :96-102. (in Chinese) )

[ 2] B0 AR, B %55 BRI 1B )T I K 3088 BE et A [ 1], K B IR R4, 2023,39 (1) : 42-48. ( Wang Biao, Zhu
Jianrong, Lyu Aiqin. Salinity statistical model for Modaomen of Pearl River Estuary during dry season[ J]. Water Resources
Protection,2023,39(1) :42-48. (in Chinese) )

[ 3 ] Dyer K R. The salt balance in stratified estuaries[ J |. Estuarine and Coastal Marine Science,1974,2(3) :273-281.

[ 4 ] Hansen D V. Currents and mixing in the Columbia River estuary[ J]. Ocean Science and Ocean Engineering,1965,2:943-955.

[ 5 ] Fischer H. Mass transport mechanisms in partially stratified estuaries[ J]. Journal of Fluid Mechanics,1972,53(4) :671-637.

[ 6 ] Kjerfve B. Circulation and salt flux in a well-mixed estuary[ C]//van de kreeke J. Physics of Shallow Estuaries and Bays. Berlin
Springer-Verlag, 1986.22-29.

[ 7 ] Savenije H H G. Salinity and tides in alluvial estuaries[ M ]. Amsterdam ; Elsevier,2005;197.

[ 8 ] Ralston D K,Geyer W R, Lerczak J A. Structure,variability, and salt flux in a strongly forced salt wedge estuary[ J]. Journal of
Geophysical Research,2010,115.C06005.

[ 9] Gong W P,Shen J. The response of salt intrusion to changes in river discharge and tidal mixing during the dry season in the
Modaomen Estuary,China[ J]. Continental Shelf Research,2011,31,769-788.

[10] Hughes R P,Rattray M. Salt flux and mixing in the Columbia River Estuary[ J]. Estuarine and Coastal Marine Science,1980,10;
479-494.

[11] Lerczak J A,Geyer W R,Chant R J. Mechanisms driving the time-dependent salt flux in a partially stratified estuary[ J]. Journal
of Physical Oceanography,2006,36(12) :2296-2311.

[ 12] Smith R. Buoyancy effects upon longitudinal dispersion in wide well-mixed estuaries[ J ]. Philosophical Transactions of the Royal
Society of London A ;Mathematical ,Physical and Engineering Sciences, 1980,296( 1421) :467-496.

[13] Xu Y W,Zhang W,Zhu Y L, et al. Analytical solution for salt intrusion in multiple-freshwater-source estuaries ; application to
Humen Estuary[ J]. Environmental Earth Sciences,2017,76(19) :661.

[14] Xu Y W,Zhang W, Chen X, et al. Comparison of analytical solutions for salt intrusion applied to the Modaomen Estuary[ J].
Journal of Coastal Research,2015,31(3) :735-741.

[15] Xu Y W,Hoitink A J F,Zheng J H, et al. Analytical model captures intratidal variation in salinity in a convergent, well-mixed
estuary[ J]. Hydrology and Earth System Sciences,2019,23(10) :4309-4322.

(T#% 27T W)



52 1 Zs w2 45 fhfE] MIKE11-KF A9 3% 18090 18 i 2 50 A 1k 27

[37] SkMiA, el i, 55, JE T SGD 53288 DIl I8 {45 5 1 /K P28 D Sl 4 28 A 1B SR I 5 22 [ 0. AK R R BER (3 30)
2021,52(11) ;164-172. ( Zhang Chengcai, Peng Kai, Yang Feng, et al. Remote sensing detection method for reservoir watershed
cover change based on SGD and classification area threshold [J]. Water Resources and Hydropower Engineering,2021,52(11) .
164-172. (in Chinese) )

[38] Otsu N. A threshold selection method from gray-level histograms[ J ]. IEEE Transactions on Systems,Man,and Cybernetics, 1979,
9(1): 62-66.

[39] Martinis S, Tweie A, Voigt S. Unsupervised extraction of flood-induced backscatter changes in SAR data using Markov image
modeling on irregular graphs[ J]. IEEE Transactions on Geoscience and Remote Sensing,2010,49(1) ; 251-263.

[40] Ji5  BRte S B, 2. 3R AR 2 (] 73 R Xl K R R RE e [ ] o AR /K AT HL, 2023 (8 ) : 82-94. (Zhou Nie,
Chen Hua,Hu Chaoyang, et al. The Influence of Spatial Resolution of Remote Sensing Image on River Water Identification[ J].
China Rural Water and Hydropower,2023(8) :82-94. (in Chinese) )

[41] Smith L C,Lsacks B L,Bloom A L,et al. Estimation of discharge from three braided rivers using synthetic aperture radar satellite
imagery: potential application to ungaged basins[ J|. Water Resources Research,1996,32(7) ; 2021-2034.

[42] MG, T8, A0 508, 55 IS B RES & TR FHERE RE[)]. TR X, 2023,46(3) : 385-396. (Jiang
Leipeng, Ding Jianli, Bao Qingling, et al. Runoff estimation with low altitude remote sensing and satellite images[ J]. Arid Land
Geography,2023,46(3) :385-396. (in Chinese) )

[43] Kurahashi T,Ikarashi K,Kenchi T,et al. Data Assimilation of water elevation in shallow water flow based on the extended kalman
filter FEM using measurement data from image analysis[ J |. International Journal of Computational Fluid Dynamics,2022,36(2) :
103-111.

[44] TRIDKS Bl SCHE XN 2K, 2 TR IR S8 IR EOR Al & 50055 RS T HHRLEOR 5 K% ,2020,30(5) - 143-147.
(Xu Ensong, Lu Wenhua, LiuYunfei, et al. Research on data fusion algorithm and application based on Kalman filter [ J ].
Computer Technology and Development,2020,30(5) :143-147. (in Chinese) )

[45] Gleason C J,Smith L. C,Lee J. Retrieval of river discharge solely from satellite imagery and at-many-stations hydraulic geometry :
Sensitivity to river form and optimization parameters[ J]. Water Resources Research,2014,50(12) : 9604-9619.

[46] 2N, k. £ T Landsat 8 OLIsZAR A HIKARTEECE /3 JRE XTI [ ], BB R 27 4l (Fh 3 50) |, 2024, 41
(6) :755-765. (Li Longjie, Yang Yonghui. Comparison study on classification accuracy of 11 common water indices based on
Landsat 8 OLI images[ J ]. Journal of University of Chinese Academy of Sciences,2024,41(6) :755-765. (in Chinese) )

(ke A 91:2024 - 10 -28 - Gk . X e )
S S S O S S S
(E#&% 8 M)

[16] AHERL, PR 82, PRI A AT FR T LES 3 BE ST iZ HLBR [ ). W93 412, 2008, 27 (1) :29-34. (Zhu Yamin, Chen Zishen.
Salinity transport of mechanism in Internal Lingdingyang Firth of the Pearl River Mouth[ J]. Marine Science Bulletin,2008,27
(1):29-34. (in Chinese) )

[17] #AMeRE. TRV =M A /K SCHRRAE [ J ], A V73, 1983,2(2) : 108-117. ( Zhao Huanting. Hydrological characteristics of the
Zhujiang ( Pearl River) Delta[ J]. Journal of Tropical Oceanography,1983,2(2) :108-117. (in Chinese) )

[ 18] BEEFR. BRIL AT PERKATE HF & 77 S IR 55 [ 0] . K FIK IS BHEEAH 5T, 1995(2) : 110-118. (Luo Zhaosen. Study of

siltation for development of deep water navigation channel of Lingdingyang in Pearl River Estuary [ J]. Hydro-Science and

Engineering,1995(2) ;110-118. (in Chinese) )

FRZE . BRVL = A N B0 1% 30 i 23 18] 22 SR 40 #r [ 1], HbFRL 2% 2009,29 (1) :89-92. ( Ou Suying. Spatial difference about

activity of saline water intrusion in the Pearl (Zhujiang) River Delta[ J]. Scientia Geographica Sinica,2009,29( 1) :89-92. (in

Chinese) )

PRI, B SR AT b 90 e A R BE s MLB M [0 ], KBTI AR 97, 2023,39 (6) : 195-203. ( Chen Hui, Huang

Guangling. Analysis of saltwater intrusion characteristies and salinity transport mechanism in the Dongjiang River[ J]. Water

Resources Protection,2023,39(6) :195-203. (in Chinese) )

[21] S5 M &, LK 0T R S fR R0 [J]. AR EAR D, 2016,32 (1) : 51-56. ( Wu Zhiyong, Lin Qingxia.
Analysis on spatial and temporal characteristics of hydrological drought in Xijiang River Basin[ J]. Water Resources Protection,
2016,32(1) :51-56. (in Chinese) )

[22] v, B #9620 fH40 80 AEAC LISRERTT = A Y AN Xl v 3 AR [ T]. /K F K s b5 1E J | 2015,35(4) : 10-13.
(Xie Lingfeng, Shen Qiguo, Xu Zhizhong. Evolution of river characteristics in river network of Pearl River Delta since[ J].
Advances in Science and Technology of Water Resources,2015,35(4) :10-13. (in Chinese) )

Wk B39 .2024 - 11 -28 Sl . X éHe )

[19

[}

[20

[



