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Abstract

The Yellow River Basin Flood Control Planning compiled in 2008 has played an important role in en-
suring the flood control safety of the Yellow River in the past ten years. However, the design water and
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sediment series selected in the planning, have not fully considered the phenomenon that the water and
soil conservation works improved the basin’s underlying surfaces, and significantly reduced the water,
especially sediment, entering the Yellow River from the Loess Plateau. Therefore, the calculated changes
of the Xiaolangdi Reservoir siltation and the downstream channel scouring and silting are far from the
actual situation. China has entered a new era of green development. With the progress of ecological res-
toration, reduction trend of sediment into Yellow River cannot be reversed. Therefore, it is necessary to
correct the water and sediment data observed in the early stage according to the change of the underly-
ing surface. The corrected water and sediment data can be used as the basis for predicting the future
water and sediment conditions. Only in this way the predicted water and sediment conditions can be close
to the actual situation in the future, and the optimal management program can be made. The concept of
correcting water and sediment data according to the change of the underlying surface is applicable to not
only the Yellow River, but also all the rivers with great changes in underlying surfaces.
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1. 5|

F M HESN T BOK A e i B R e RO 2K, /KRR T 2022 4F 4 F HTT 1 - R A RE 9% TAF 5 3h 21
(11, &#BFE3H— - LRUFEPH R B g LA SUdEH . PRI TR, mIRHIES. ek, B
PR o COIRAEMRIBS . Tk AR, TR L, AREL AR AR o “EEm LRkl
PO St 15 D0 VAl B2l b, HERIERET— R -E KU B o B g TR AL

PO R R IRE TR, P B RIEBUA . GUTRISCAGR G o SRR AR AT S BN E R
TR E A, 1 H SN E VIS, AL NHREn 1 “s)lI S o ST . R
IKBY” LA R b R A TE S A TR B R Reid #1955 4F 7 A8 — el AN RAFR K58 — ke il
T ORTRIG TR F IR BN SR IR 7 . BB 1957 4 4 A =T LREh T, JFeI 7T
TUATEEE BRI ER G A K MK A TAERHTI ), (5 T A SE i R N SR e 0 aze KT TARE B T
DNAEL, DRI £ 7K P S il P DR ZE P AR, B IR T R 8 2 T B 224, TREGOE SC IF iz i
Jr, REs KRB [2]. 2000 AT, AE/ANRIE /KR R vh A s i sk s ol i g ) i A v, i TR FE
JEBK b ORFF DA R I N2, 2D NS ID I DL, B RE IONTEI VDR THERL R X AR A T i
T i Y 53 20 SESERR H IR DU 22 L [3] .

KUY BRI A AN B A B S AR . AT TN A7 YD B 5 AROR SERR BRI DL, A R A
P RRRITT 58 o ARV R R R K S T B AR AR T ™4, AR R B K B AE AN R R B B, R
AFEFIKD BRI LR EREAF A, ST R T2 R R, B, 2 s 2im e
AR FIRI KD BRI BT AR IE, MBI RIKWBORE, A REAE TN R SRR VD A FHHE -

2. IKER¥IETIERHER PR
HRAE 2020 45 # ] I /K AR ER AR EORH[4], B E 2020 48, $E AT A G B K 9 2k T AR 25.24 5 km?,

][l
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AP B RS 608.02 JI AW, Eit/KARFFR 1263.54 T AW, FHE 234.3 JiAH, HEEIAHE 418.35 Ji A,
AR NI 5.81 i, For KU 5858 JE, FRRIAMIIN 1.2 JiHE, NEYGAHBIN 4.03 J5 0, BT CLiR I 8.59
F3 s e K AR FFZR (AR /K L A AR o [ L [ AR 1 B £8) 1990 4K 41.49%, 1999 4 46.33%, 2020 4724 66.94% .
T4 54.95 15 km?, b B2 00 % SR L 1.

Table 1. Statistical of vegetation coverage in the Yellow River basin

F 1 BMREEREREG TR

B EES ER( km?) ELA1(%0)
o 26.61 39.33
Hh R 7.91 14.39
T 7.8 14.19
TR 8.63 15.71
k78 9 16.38
&t 54.95 100

FEL AP T AR PP M AR 23 79 k?, B3 T AR 30,51 73 km?, el 3L I AR 1.44 75 km?, 43 5 5 e 4 AR 11 41.86%
55.52%. 2.62%.

SR IR RS VA B, AR5 IR IT 20 AF (34 it B RS A, SERTIRIK LR AR KR ks>, 342 ik
TRPE U AR, ESITREIRRAITE, SR BRUEE . 5 1990 4F [ 45 B A — Ik 4 [ - 494 h i B 2 4 SR
EL, 2020 EHEAFISOK R MR 15.57 77 km?, JRIEIE 44.86%, MARTHIRESEHE, HRm LR 2R R
K, S HE/D> 79.26%7F0 94.548% . 7K F14R M HI AR EH A ARAL L 2.

Table 2. Dynamic changes of hydraulic erosion area in the Yellow River basin

2. FREK D RMEREEN

i &t B L i3 Bt Wz Rz
2020 19.14 15.02 5.03 1.88 1.01 0.20
1999 31.54 10.40 9.07 7.25 3.50 1.32
1990 34.71 11.12 8.87 6.19 4.87 3.66
%TEE 1999 -12.4 0.62 —4.04 -5.37 -2.49 -1.12
A
%TEG 1990 -15.57 -0.1 -3.84 -4.31 -3.86 —3.46
%TEG 1999 -39.32 5.96 —44.54 ~74.07 ~71.14 —84.85
& JEZ (%)
%TEE 1990 —44.86 -0.9 -42.29 -69.63 ~79.26 —-94.54

3. NRKIDBR THEMERREL
NSRRI B S BE K5 T B AR AR A A, K GRS AR AL 1 itk N 3 R, SHE AR R
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Table 3. Water and sediment volume of main control stations in the middle and lower reaches of Yellow River in the 20th century [3]
2 3. 20 R EI R T E EIERIE X FF KD E[3]

e 1919~1949 4F 50 AL 60 AL 70 FFAX 80 4K 90 4FAX
T 14 253.7 239.6 271.2 231.2 2426 157.3
AN 328.9 315.1 340.9 283.1 278.3 201.2
BV 100.3 107.8 125.1 73.4 94.9 51.3
KE{Z m?) DY 429.2 422.9 466.0 356.5 373.2 252.5
=17k 427.0 424.3 453.9 353.5 369.7 2473
=N 474.4 479.9 505.9 379.9 406.2 266.6
I 463.6 512.9 304.4 290,7 158.9
T 14K 1.39 15 1.8 1.14 0.99 0.42
AN 10.23 11.85 11.38 8.66 4.7 5,92
TEI& Ui 55 5.9 5.7 4.8 33 3.6
WELY Dg 3 15.73 17.75 17.08 13.46 8.00 9.52
=i 15.56 17.42 11.47 13.74 8.54 8.52
=N 15.89 17.91 11.72 13.85 8.65 8.54
Al 13.22 11.00 8.88 6.46 4,62

T TSN R IR AR IRk U = A, DU RN SR e el . = BN SR =Tk B R A
Koy W NEGE) =2 A

H3% 3 ATLAE . 20 S 70 AL, DUshIKIb RS AR, BrSEKEMN LK ESE KERRA
KUAAL, K ORFF TAER St e — B EE R 3R, B 21 thad, /KEARFE AR BRCE NI 2, T 20 4238 00 |
FE e 1t SE ) K Y BN 4, 4% 5,

Table 4. Characteristic values of water and sediment at Tongguan Station in recent years
= 4. ERGIAEKIDEFHEE

F W@Zmd)  Wi(izt)  S(kg/m®)  Q(m%s) Qs (t/s) KR
SIQ (kg-s/m®)  SHQ (kg?-s/m°)
2001 159 3.423 21.52830 504.1857 10.85426 4.2699E-02 9.1924E-01
2002 174.7 4.496 25.73555 553.9701 14.25672 4.6457E-02 1.1956E+00
2003 261.4 6.179 23.63810 828.894 19.59348 2.8518E-02 6.7410E-01
2004 197.3 2.993 15.16979 625.6342 9.490741 2.4247E-02 3.6782E-01
2005 230.8 3.28 14.21144 731.862 10.40081 1.9418E-02 2.7596E-01
2006 233.4 2.47 10.58269 740.1065 7.832319 1.4299E-02 1.5132E-01
2007 250.4 2.54 10.14377 794.0132 8.054287 1.2775E-02 1.2959E-01
2008 204.8 1.3 6.34766 649.4165  4.122273 9.7744E-03 6.2045E—02
2009 206.5 1.12 5.42373 654.8072 3.551497 8.2829E-03 4.4924E-02
2010 262.5 2.27 8.64762 832.382 7.198123 1.0389E-02 8.9840E—02
2011 259.6 1.32 5.08475 823.1862  4.185693 6.1769E-03 3.1408E—02
2012 351.4 2.06 5.86227 1114.282 6.532217 5.2610E-03 3.0842E—02
2013 304.5 3.05 10.01642 965.5632 9.671487 1.0374E-02 1.0391E-01
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Continued

2014 235.1 0.691 2.93917 745.4972 2.191147 3.9426E-03 1.1588E-02
2015 197.2 0.55 2.78905 625.3171 1.744039 4.4602E-03 1.2440E-02
2016 165 1.08 6.54545 523.2116 3.424658 1.2510E-02 8.1885E-02
2017 197.7 1.3 6.57562 626.9026 4.122273 1.0489E-02 6.8972E-02
2018 414.6 3.73 8.99662 1314.688 11.82775 6.8432E-03 6.1565E-02
2019 415.6 1.68 4.04235 1317.859 5.327245 3.0674E-03 1.2399E-02
2020 469.6 24 5.11073 1489.092 7.61035 3.4321E-03 1.7541E-02

A 10 - FIME 218.1 3.0 13.78898 691.5271 9.535452 1.9940E—02 2.7495E-01
J5 10 - FIME 301.0 1.786 5.93330 954.5599 5.663686 6.2157E-03 3.6880E-02
20 P HME 259.6 2.397 9.23350 823.0435 7.599569 1.1219E-02 1.0359E-01

E: WONSKE; WoNSEIDE; SHFETHEIE; Q MFETIE: Qs METHHmbE,

Table 5. Characteristic values of water and sediment at Huayuankou Station in recent years
5. EOWEFKISERFEE

Ry Wzmd)  W,(fzt) S (kg/md) Q (m%s) Qs (t/5) KA
S/Q (kg-s/m®) S%Q (kg*-s/m®)

2001 165.5 0.657 3.96979 524.7971 2.083333 0.007564 0.030029
2002 195.6 1.16 5.93047 620.2435 3.678336 0.009562 0.056704
2003 272.7 1.97 7.22406 864.726 6.246829 0.008354 0.060351
2004 240.5 2.04 8.48233 762.6205 6.468798 0.011123 0.094346
2005 257 1.05 4.08560 814.9417 3.329528 0.005013 0.020483
2006 281.1 0.837 2.97759 891.3623 2.65411 0.003340 0.009947
2007 269.7 0.843 3.12570 855.2131 2.673135 0.003655 0.011424
2008 236.1 0.614 2.60059 748.6682 1.946981 0.003474 0.009033
2009 232.2 0.269 1.15848 736.3014 0.852993 0.001573 0.001823
2010 276.3 1.24 4.48788 876.1416 3.932014 0.005122 0.022988
2011 287.1 0.609 2.12121 910.3881 1.931126 0.002330 0.004942
2012 388 1.38 3.55670 1230.34 4.375951 0.002891 0.010282
2013 3275 117 3.57252 1038.496 3.710046 0.003440 0.012290
2014 231 0.325 1.40693 732.4962 1.030568 0.001921 0.002702
2015 247.6 0.129 0.52100 785.1344 0.409056 0.000664 0.000346
2016 178.8 0.06 0.33557 566.9711 0.190259 0.000592 0.000199
2017 193.5 0.058 0.29974 613.5845 0.183917 0.000489 0.000146
2018 448 3.44 7.67857 1420.599 10.90817 0.005405 0.041504
2019 457.6 3.28 7.16783 1451.04 10.40081 0.004940 0.035408
2020 487.1 3.24 6.65161 1544.584 10.27397 0.004306 0.028645
BT 10 S F3{E 242.7 11 4.40104 769.5015 3.386606 0.005719 0.025171
J& 10 S Fi{E 324.620 1.369 4.21755 1029.363 4.341388 0.004097 0.017280
20 SE P51 283.645 1.219 4.29604 899.4324 3.863997 0.004776 0.020520
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T8 DU (2T PO 35 R ¥7)2001~2010 4F 10 4E-FHIMI4E KRN 218.1 12 m?, “FJ4EW RN 312 t, P& EN
13.8 kg/m®, JKEHMVPE/NT 20 K &NEA. 2011~2020 4F 10 4EFIHIAEKE N 301 12 m®, “FI4Eb&
N LTt PRI E RN 5.9 kg/m®e SR G 10 4E 1P AR BT 10 454 Fisg i, (H-P354ED &2,
PR RSV KRB AR R G 10 SRR REUNTHT 10 4F, X LEHLREAE— R IR BUK - 0RRE TAE
() ALAE B A I o 22/ NVRJES /K PE R R i I 5 A& S0Vl A Ja N R g4 Il 113 2001~2020 4 20 4E-F-3 (14
IKEREEVD 55N 283.65 12 m® Al 1.22 12 t.

TE & il BT AR R (2008 4F) [ TAEH[3], B T-A 7890 5 B /K L OREE TAERF SRt i d T BTt
HENE K, R TRV sem, 5T 1975~1982 fE(BRF/KFEVDIT BN 1987~1996 4F(BAk KA VDI B
1971~1975 F (PRI BOE R TT KD R, RG] HE 5 T iRk DYk ()& vk vb &4 7l 321.5
12 m* F1 10.62 12 t, Z/INRIE /KR TR YD MR TS, HBE KD BN I T 7K v A kN B R T )
IKVD R AKEER G 20 45, BT /K ERVDHE N B R IR 5K & ¥ &40 330.54 12 m® Al 4.03 12 t.

bR AR K VD B S B K YD B A, Szl s 2001~2020 4 20 FEF 4K BN 259.6 12 m®, M4 T
Bt DUtk B 321.5 12 m* [¥) 80.75%, SCAEVDE N 2.4 12 t, M T AT DUV & 10.6 12 t 1) 22.61%. R iiifE
Bl 171 1 Sz 46 K B 283.65 12 m®, A4 T ¥ it 330.54 12 m3ff) 85.8%, SZI4EVbE 1.22 12 t, M4 T#it 4.03 12
t 1) 30.3%.

PR IE B K TD RANBEAT A3 M iH 545 SR 2% 6, AR SN yo] 16 b 1 W Rt G P ] 3 pp i Rt 2 7

Table 6. Design scouring silt volume of the lower Yellow River in different periods (10° t)

F* 6. NEEREN FEMERITHREZ 1)

i BL(5F H) B - e n RO - & mAS - 3k b - ki - AR
2000.7~2010.6 ~6.26 -6.89 -0.43 -0.41 -13.99
2010.7~2020.6 2.46 6.35 1.62 1.56 11.99
2000.7~2020.6 -3.80 -0.54 1.19 1.15 -2.00

Table 7. Measured scouring silt volume of the lower Yellow River in different periods (10° )
= 7. TEIFTERER THETESSNARE (12 1)

B H) PaEGERE - fEbd A IR Y| HA - 2 Al - FilE PHEERE - il
2000.10~2010.10 -5.37 ~6.86 -3.07 —2.94 ~18.25
2010.10~2020.10 -0.70 ~4.53 ~1.86 ~153 -8.62
2000.10~2020.10 -6.07 -11.39 -4.93 ~4.47 ~26.87

T PHEEREAERRS RIFL 7 km.

w7 H5ER 6 W, AT 10 AW B R A, SSEEG T2 4.2 40 to S5 10 SR PER BRI ZER, K
THNAT B R AR, HRER YD 11.99 14 t, St A A Bedb R AR i, bl e 8.62 2.

BAFCA/MNRIEKZEZ ] 20 4EJ5, 75.5 12 m® IRV B 28 B0 CL0R, Sl BERHETE = 1koK e 2 HEJE VD 8
12, m® (2002 4 10 A & 2020 4£ 10 A FEZEY K 842 m) B HL T, AMRIEAKZE M 1997 4E 10 H % 2020 4 10 A 4t
TRFRYETD 32.321 12 m*, MIZ4T 75.5 12 m SRV E 2R 1) 42.8%. LA EXTECVORIERT, BT RIS F N v
B K TR EY &, FEOTE R/ AR AT R R 3 5 S B e, Rl 2010 2L
J&, E A T R ZE

TESEER EIHAR, K ORRE TAESGE 7 sk P, Z2H0MH, R E DR Z MR, N E
BEW . WRYE 2020 4E (P ENARVED AIRY 5 A E ARV R K VD R AR L 8.
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Table 8. Variance of quantity of water and sediment national ten major rivers in recent years
= 8. ZETKILIMASFKIPEMTNK

. e PR AR EARTUR(Z mP) AR 1) EE A (%)
b M/ Ak 2
(TkmY)  gipspyy R 104ETH SETH E10ETY AR R
KT il 170.54 8983 9100 35,100 11,900 101.3 33.9
gl DS 68.22 335.3 301 92,100 17,900 89.8 19.4
THE] EERR + 1T 13.16 282 227.4 997 340 80.6 34.1
bisaT| ey i) 14.43 73.68 30.32 3770 132 41.2 35
BRI RS (2) 45.11 3138 3133 6980 2490 99.8 35.7
FATETT AT 52.38 643.4 707.2 1260 1260 109.9 100
LI BRg + TR 14.87 74.15 65.88 1490 202 88.8 13.6
B IHIL ZIREQ3) 243 218.3 245.5 275 365 1125 1327
[ETPAN I + k7 5.85 576 589.6 576 203 102.4 35.2
B HEA  FRR + BB 15.04 72.76 72.95 2050 1270 100.3 62
A 402.03 14,396.6 14,472.9 144,598 36,062 100.5 24.9

¥ ZAEPITE 1950 FE (BT RN RAE) E 2020 4E-F1; IE-H-FH44E 2001 43 2020 435, (1) EFEmIKE . FREB.
T4 ME. i, EE B N (2 EfEAMA. BE. Ww. bE Q) eafEEE. FE. Ril.

IR A, 3T 10 ERFRINRKE S 2 4 P NKE T EE A 100.5%. 1 10 £ PN &5
ZETEINFV R HAE A 24.9%, A5 NAVb & EE RN 19.4%, 7555 F1f1(1919~1960 4F-F14) 16 14 t
AHLG, MIECAEN 11.2%, KITHIEGAE Y 33.9%, HEAHILLAE A 3.5%, T [LL{E N 13.6%. T FHHE
T, ANV R B2 B, (ER RIS g AR, #E R e B K Bk, A S B Kb
SR AR BRSO, A R B gm TAE .

4. ASIEKDBER SIERURT T

AP S, TR FARAS SR K 2 KA Vb 2, $FERERIE, G BT ERF SRR A . O T R T L i
PRIPASE 1 R LA R T/ BB 7R BRI AR, SR “ SET 52 7 (KA g, fRiE T 70 2 S RBOGHINBT
Pz, ESORRIHINAL SRS R 2 AR NGE, BT K RERE A M TR S, A
TRV R IR BT R R R S R, RGN KD BERE, ANETRETREE L, AU R R AL TR
15, RBIEJERKD BOR A RER R L AR . AE A RRES AL A SR AR A, EBRIGVF 2, AT
PV HAE I [2] [5], AEGw TG BRI, 75 B0 TN AR AR (B I KD BORH D8, 4 e A T Fr 7K
I SFAF AL AR I SRRSO e BRI PR SR AR I il R AR TR 2 I B IR R AR AR 7 R A R AR 275 AR K
SRR, VR TS S A EAH S R . 2020 4R 7 ), ASH b DX ) B R i 17 P /MR AR 11 2 R TR
X Bea, UAELE Co L 6000 m®/s ki, BT RIS ME, Hi R KR . AR, /NI TE) T X R A
6000 m®/s Vit FUMLIB G N, CREPIMEDK 43 B . SV K B R A KIT 7%, (EATE AT IR B, 4 AT
TESE T REM o BT AR TR O =Tk ANRJR S KA TR, SRS A BEE . W8 W R KE,
GHRPEAHITEE2], W R Wb IE R4 10,000 mP/s Wi B A =S, FIIAR EAE—IB R B bRE, BECRYT T 190
TIREARIR A A oK e, R T AR B NAETE BB DrFs B it 2 AR A B Sk S K 3. DB
RERK, FIPEAS P 5 An B T b BE Y 1 (RT3 2K),  DLOR R st )ity T VR o EDXC I K i
JET, IR R A, B R SE, AR K i R ke s P AN [V el (et gt . HRD, 3%
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T T 3 25 AR A bR LB T4, 4000~5000 mPfs RIS I ERA LA TSIk, B E, Hil
5000~10000 m®/s i, AMHBELREEAEX (R ik 4 4, 3T TRl R, 3 OCHRRBE 77, it TE SRR R,
PR XGE LR . T UK S ER N, IREAE =SSN e v b, BT DUR RN A =82 .
BRIV ER R K . WPTTEA = SR TR B0 1 51 B0t . ez, B IRIAGEIR K, T bk 2 n BA
BEHIR. =0, ANRIRHERA RUER N 111 12 m®, a7 LARTAE 1919 44 LI 2kl LR T = 1 10 LA _L f ik
K21, HRME RSB BUKEZ G, BidthrdEal it — bR m . S S R BN 1.8 77 km? TEfE
) DX AR 7K o BN BERATE TR0 V% 12 1 DX % N P IR S R i, DN T TR N VA B X (7 vk, (5
T 7E 12 X DLAN v o FESR (R S HIRTIAR, TR FF SRS DA T RE R R AR, RVA S R R AR RO L T4
FIAE, BEL TR LISl T, B R BRI R IR, SnT LALL 3T o Am N R SEAmi . Rk, il
0 FaE A WK, TEIREENE. BURAME” MR TS ECN R A, CFETRYD, SEMX. ES
W, PiEGIK. Blusfmtx” .

E&WE

AT A B rh KR BE R £ 0 (e S 0820)2k & Be . SCHRIKIDBURL, 518 (P EARTED AR)
AR A4k o

&5k
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