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Abstract

Based on the analysis of the relationship between the tide level, the specific gradient and the periodic
variation of the flow velocity, the study concluded that: The average tide of the Yangtze River estuary is
decreasing along the path; the slope is decreasing along the way; the average tidal range increases grad-
ually, to reach the maximum station near the cowhide reef, which reflects the process of runoff and tidal
power change. Through the study of the Yangtze River Estuary tidal range, it found that the Yangtze River
Estuary tide follows different rules and variable partition boundaries, and the limit decreases with in-
creasing runoff. The boundaries located between Baimao and Yanglin stations in flood years, and located
between Shidongkou and Gaoqiao stations in dry years. Through comparative research on the relation-
ship between the slope and tidal velocity cycle, which reveals the change of trend lags behind the change
of slope due to the inertia the runoff. These conclusions are of guiding significance for different channel
sections of the Yangtze River in the channel regulation and channel regulation.
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2. KT OB

AT A7 LA B )RR AR AL R AE , AR R B TR 58 s M BAER . — ek,
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Figure 1. Location of tide level stations at the Yangtze Estuary
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Figure 2. Annual average tidal level change of stations
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SEBRARAL R FEAAL, 24 IEIME S B8 0.85 m AT 0.78 m; 4P 453 57 AR AL 8 2 43514 0.30 m A1 0.23 m, 4E
BRAR AT IR AR . AR B ST B bRs . JLHE T B i 7S ol FI 3L 1 ity AR AL A BB A A — N 3L [
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2002 E, WPEERTTRA 9,926 12 m®, tELEK. AT, R KIS B B ALSATEL.
A ST B A R B AR R A EAT 23 I RS o SR, IS H 1 N B i AP YA R AR AE 2007 4
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Table 1. Monthly average flow at Datong station in 2009 and 2010
3= 1. 2009 £EF0 2010 FEAEIE B FIRE(EBAL: ms)

I [k) 11 2 H 3 A 41 51 6 H 7H 8 H 9H 10 11 /] 12 1
2009 4+ 11,600 11,800 23,600 23,000 32,300 35800 40,000 42,400 32,800 17,100 14,000 12,000

2010 4F 12,400 15,400 20,500 30,300 39,900 50,800 61,400 51,300 41,900 30,600 17,800 15,300
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Figure 3. Variation of annual mean tidal range following Nanjing station
[E 3. FamRuG AT &Sk S s E T L E
RN 32,400 m¥/s) I T- 15 2 /N T/ K AE 2009 4E(FEF- 138N 24,700 m¥fs) ()T 2 4T s AN EE T
1ohextent, #ORFRERFEEIZ R T/NKE R 2, T HIE RN R T, —FHHETA.

4 FEHIE/NIKAE (2009 4E) N UEZE 7 H 4 CEI A 40,000 mfs) 5442 1 A4 (CF% &y 11,600 m¥s),
LK KA (2010 4E) k2R 7 A CFE9E 61,400 m¥/s) S5 R52E 1 A CF9HE N 12,400 ms)#l Z Lk . o]
WANKAECLE B B A X P, fEAGuG AL, SRS 2N T AR R 2 22, Akl DUR 2240 f
VR AW 22 K TR R B0WI 22, 100 T 1AL RS B BR[O Abag el SORMEZER THZR-FIgWI 2, FKEL
AR P = () sONXF, H b RIS 5 ANKEE Z AR R R AR, R A B i~ Akt
B 2 A Fb~E e (), XA FAKER A AR

el 3y B 4 KBk R O KIDEZEZREAE N KRR, H b TRIEEARBRE @ X4
Gy X FIRBEARIR K T8 Q) SR 22 RAELEREN DT TAR I A Berfeant, bl 1 R\ RY 9 07 5 e A 3R
[ 2R 4

M 22 5 A B 5% Z (5, B B 5D H A ) mT LA H 5 g sl R ok 48 D 80 222 i 0 A5 40 18 DR T 9 /)
HBKE AT R A A T, BRI, A B M 23R W], RIS v KO AR Bl 22 K Tkl 78
22 o AR\l 1 20 22 BE WAL T R e/ B RFAEAE NK SRS KRR, fEFKER —E s, HF
BN A 22 K TR AK I 22, R IEAE . AN KRS0 AR o Bl AE 3R K AR AN K AR AR
A ZEREALE T IR, BARIX KRR, B S54RI S DA b &l ) 22 B A7 48 vy 1T
ANEEPERT B, T LR (A ROR, RIS A OO 2 B K TR N e 2=, i B S A AR B
1IEH K& .

HE YDl () 22 AN AL 55 08 B A oS b, XS R Akt R ] P B A 2 W RN TRVt TR 22 e 18/ NK AR IR
KR, 1~4 HXSERERR TR -FEE 22, AL 5~12 H#G2BD R T3S & iR F 2% .
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Figure 4. The tidal range changes of each tidal station in January and July during flood and dry years
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Figure 5. The relation curve between the monthly average tidal range and monthly average tidal level
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4. EePE
4.1. EEREFIRTWK

BT 1 B SO B A 7 g = A ARl A s b BVl 2Nt . ABHE T BON Rl 235754 il 1984 42
2010 “E-PH LR AR, 70 FANIT BOT ST IME(LE 2), RUTR N SRR R4 b B AR AR R IR A ) 506/ (1
B, SRVE A NRUAI AN B LT AT 18] P B B SR A N 2 3

MR, SPEIRERCR I A KA ARt MUK B I LERE, anfR~# B 1995 4. 1998 4EAN 2010
B, N~IRBL 1997 HEAN 2010 4, H5 &R BOGHEE R AMEAX (R 10 % 3), WA RERIF LR GG
RN, i BRI % = B LU FEAFE B 198/ 1) £ R RIANE TARIR, XA friE— DT 5.

fE EIR =B, RN IR A S0 27N R0A] b R PR AS A, BREE AR A AT A ) R K T v
ALHTEERE, T F TR ARHE T BONBE LT 1814 K 2 U2 457 B i A 1) PE R R TR A bE B

4.2. tERERIETL

2o, WA TLEA . EMYE. Foi. M) Al X9 E k. ZxfedEnh 2010 SR E/KAE AT 2009 /)
IREE AP B AT P I LR GE it (L3 ), ATBUE Y, AR B AR i) 1B KT D 2 L Ah, R
FEAR AR I WIS ) 10 EL =2 K SR R~ 22 BE B KT /N K S 1 22 B B
4.3. LEREEERNTL

M 3 HTUAE Y, TR FIREFIRZ /KR, FIRTLUR B 23 (7 A) LR R 28 K TR ALk, [

Table 2. Annual change statistics of average slope in the Yangtze Estuary
= 2. KiIIOFH R ERT G

TRNE~ Pk ST~ R NI
it BE(4F) KIE-E93L ()
FIHREEE07) T CPYRMIEE0)  TIME CFARMIEE@0Y) T
1988~1991 0.072~0.075 0.0735 0.042~0.051 0.0465 0.013~0.016 0.0145 27500
1992~1995 0.056~0.064 0.0613 0.041~0.053 0.0465 0.011~0.014 0.0128 31100
1996~2000 0.051~0.064 0.0554 0.038~0.051 0.0430 0.006~0.023 0.0158 39400
2001~2005 0.045~0.064 0.0508 0.037~0.052 0.0442 0.007~0.011 0.0072 29300
2006~2010 0.035~0.061 0.0410 0.031~0.041 0.0356 0.000~0.016 0.0094 32400

Table 3. Statistics of segment about slope from Nanjing station to the Yangtze Estuary
2 3. ERMEKIIOIMNRER PRSI

— ETHI 107 ERT REZKTELRE(107)
F2K4(2010 4F) /INKAE(2009 4E) 201041 A 201047 A 2009 4£ 1 A 2009 £ 7 A

B ~TL 0.113 0.085 0.031 0.218 0.034 0.148
TLR~E ik 0.067 0.054 0.029 0.116 0.025 0.086
B M~ T 0.062 0.062 0.016 0.108 0.026 0.085
E B~ () 0.044 0.032 0.018 0.066 0.018 0.048
R ()~ b A e 0.035 0.024 0.013 0.055 0.011 0.035
JuAE 1 0.018 0.018 0.013 0.037 0.008 0.021
A~ SR A -0.009 -0.014 -0.011 -0.011 -0.018 -0.007
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i, W& 4 RE, SEAMBNRESBD, BUAZIRK, meERZFRTE, AVKERRMAZERR, S
BEAHZEELR, AR EERR R OC R BB DI

NE— B LR AE A AR AL, Gt 5 T AR BC BT ~VE )« 3T B (VL RI~E ) ARy B
FriE~E o). FSCERB(AST~EIT()s P E AU BL(ER ()~ bR ) AERE D] B (IR o ~ X8 i ) At
A B R~ SR AR) S AE /N K SR AT KRR N5 A I P 2 BUBRE (LR 41 3% 5), Kidk 2009 ££A1 2010 4R 1)
AYJmE N 1o RN, 1B B AE F /KA /N KSR A LU R R I R A i I o, e A B (B~
LR R R, HEEREREK. & 2MEE, MAALR B ~E /) 2B (A~ ()X — KR
REIRES, AEFUT T TAE (AU rh~XG B 7 B P 5 3B 56 R A OGRS, AR W] AR A b 3d bE B B AR
RS M ER R R, WHREL O], R Es, mEw s A ERER. ENE LM DS,
SHEE, ANREMEKETEFRELMR AN, I, ARRECN/INKEER B H AN P 2 40 LR — B R
TRV A KA (00 ) L

4.4. LERESHIENERXR
215, AT I DA B, e B R 22 AR AR ST s J M AR R AN 2R . ARk T

Table 4. The monthly average slope of the following Zhenjiang stations during the year of 2009
5 4. ST AT &U57E 2009 £E A B E1EEFE(107)

VEEY)
i
1 2 3 4 5 6 7 8 9 10 11 12

BT
0.0463 0.0488 0.0851 0.0793 0.1099 0.1240 0.1463 0.1603 0.1240 0.0661 0.0529 0.0479

1L
- 0.0251 0.0225 0.0515 0.0512 0.0661 0.0753 0.0885 0.0951 0.0753 0.0449 0.0370 0.0317

=R
- 0.0262 0.0328 0.0525 0.0525 0.0689 0.0754 0.0852 0.0787 0.0689 0.0459 0.0361 0.0262

i
o 0.0179 0.0179 0.0339 0.0339 0.0458 0.0558 0.0578 0.0677 0.0498 0.0279 0.0100 0.0179

5]
JLhteh 0.0109 0.0131 0.0240 0.0218 0.0262 0.0306 0.0349 0.0459 0.0371 0.0175 0.0131 0.0087
=]

e 0.0079 0.0157 0.0184 0.0184 0.0132 0.0152 0.0210 0.0263 0.0211 0.0211 0.0157 0.0157

stk —0.0069 —0.0083 -0.0042 —0.0069 —0.0042 -0.0069 —0.0042 —0.0056 -0.0083 -0.0139 —0.0139 -0.0097

Table 5. The monthly average slope of the following stations in Zhenjiang during the year of 2010
52 5. ST AT & u57E 2010 £ B FHEEFE(x107)

JERV
¥k 44
1 2 3 4 5 6 7 8 9 10 11 12
VN
T 0.0446 0.0570 0.0777 0.1074 0.1397 0.1744 0.2190 0.1893  0.1636 0.1165 0.0694 0.0603
A 0.0291 0.0383 0.0542 0.0700 0.0832 0.0938 0.1162 0.1030  0.0951 0.0687 0.0396 0.0238
=98]
s 0.0164 0.0229 0.0361 0.0492 0.0689 0.0885 0.1082 0.0984 0.0787 0.0623 0.0492 0.0492
p
i 0.0179 0.0219 0.0299 0.0438 0.0578 0.0637 0.0797  0.0677 0.0677 0.0418 0.0239 0.0159
=)
Tt 0.0131 0.0262 0.0349 0.0328 0.0393 0.0480 0.0546  0.0546  0.0480 0.0328 0.0175 0.0109
e 0.0158 0.0105 0.0158 0.0316 0.0211 0.0184 0.0368  0.0263  0.0237 0.0184 0.0053 0
CYSgl
st —0.0069 -0.0069 -0.0097 -0.0153 —0.0042 -0.0014 —0.0069 0.0042 0 —0.0056 —0.0083 —0.0069
K=
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IRAETH A R 58 B O RE R, BB DU Sk 1 AR A9 B 0 A RIS 3, 38 WK RO P I A Bl e
XU R IR o U L I 2RV AN R W RE R ROV AR, b IR TR AR A R E T R R
NI SL IR, P DA B AL 5 T 22 2 TRIAE 2O EAFAE— S IR NG R o AL, X T AEAR LA A T
PERIRHKIAR, 122 VSRR A AR B — P BE R AOAE SRRV FE, B 7R AT ) A BUAE Tk v ) Ik A b R I S b
BEAE F 7K A s A P SR AR A, TR AT ] BOSR A /KRt RAE B8l

4.5. BRLCIEEN B ESRAMBEN XA

AT Rt 7 (0K, 6 7KL R TOUFE AR ¥ BUE /KL ) LU B A R S AR Ak o AEBKEIIN BL, AR AL I T
PR, AR D LR IR YR KU AR R IS B R G, A B AT EUR 1] T A AR N L A )
FIT TSI — e 1 L 9irinish s AR Be et T A0 (8 V& 7 AR IR LU R, A I B R AR A PR 7 2R 1) T Aok 2Rt
TR A AT P PR RS 1 R . XA S BRRRATIE L DR E R R S AR IR
P S IAL H mAR T AL . O ORR (R 6), 17N IR~ R LE R AE E /K4 (1998 )it Z=(9 H). K4
(2005 4F)THATH KIS H)FI/NKE (2006 F)REZ=(L H)0AE R s ANEIZRAE TSSO LU R SE i, R LA
B AR O R B E A BOE B IR P ORI L B bR T BLA SR 2 K8l KT 2t
AP LERE . T S AR R, AT AR /N (P2 BRI N VA MEHE (KL, A2 ABOR IE
G FEPE DR BRI, R A I P G B e B 97 3 g AR I R 3 0 ) KA A A 3 e it sl P 4 £t
FIE KRR . ATRAHEN, IXAPIE. B e P pUE e ol T Ik &R

5. WA N E TR X R

FERAT DR R sl HOKAE 77 BROR B A AR R EL R o =5 Rl KL i T e AK R i 7 2R S b, £
b Nl 21 ) B N 1975 UL T kv 7S N 7/ N AVA (9l 7 N VAL Ve ST = e PO 1925 o
T ART A A BRI AR i A, it i A e 1 EE R A2 4. 151 6 T 2005 4F 1
FAEINE SRS AERG 2R E AL PR AN IR AR (e A . NI AT LU Y, 72 10 VT aRikE], 7
S B K AR SE I LU R Dy 0, (HAEBHIEVERIS, b N ubiims s A 1N 72 R dim ) 1L 1) v B AUIR A
HIDS IR s AN, F(BAR) R AL T b (fRrNie) R A 2 ZE R K, TR EERE T R ok (W - $i
RIE S EFERE I AR N TR A, TR, Tl IERIESERE R 0 R i H Rk, £
Ui IE IR BE JE iy 0 JBE 2 T B ik B8R 9 U B S KB SO I S Yt ) A7 — ELAE

Table 6. The slope under different hydrologic combination between Xuliujin and Yanglin stations
6. MINIE-FIMEARREIKIGHESE TR

i 1) (4E- H ) A P& (ms) ] 12 (m) i LB (—107%) IELLRE(+10%) A1l (10%)
PN 3.40 0.532 0.299 0.831
FKFERIY .
1696-09 63,800 rh 2.95 0.342 0.291 0.633
/IR 1.70 0.126 0.174 0.300
K 2.98 0.387 0.224 0.611
PR AR H K A i
2005.05 29,800 i) 2.37 0.232 0.192 0.424
/N 1.50 0.120 0.128 0.248
K 2.75 0.321 0.171 0.492
NIRRT KA .
2006-01 11,500 BEp | 2.40 0.278 0.158 0.436
/N 1.48 0.142 0.091 0.233
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Figure 6. The hydrographs of tidal level, slope and velocity at Xuliujing and Yanglin stations
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