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Fig. 1 Sketch of the Inner Mongolian reach of the Yellow River
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Tab.1 Channel cross-section parameters under a given water level before and after the flooding
season at Dengkou and Bayangaole stations

ey EL B e
oy HIW S/m A/m*> B/m Hm B/H Ay HIN S/m A/ B/m Hm B/H
1976  6-10 1060.12 648 260 2.5 1043 1978 52 105041 622 449 14 324.1

9-19  1060.69 1347 268 5.0 533 11-2 1050.16 1325 481 2.8 174.6
9-19  1060.12* 1199 256 4.7 54.7 5-2 1050.16% 512 426 1.2 3544
1977  4-21  1060.00 594 258 23 1121 1979 4-25  1050.24 617 439 14 3124
10-20  1060.24 684 270 25 106.6 11-16  1049.66 598 468 1.3 3663
10-20  1060.00* 620 255 24 1049 4-25  1049.66* 367 258 14 1814
1978  3-17  1060.14 520 208 25 83.2 1980  5-10  1049.42 245 291 0.8 3456
9-19  1061.39 1655 288 5.7 50.1 11-20  1049.97 508 384 1.3 2903
9-19  1060.14* 1314 264 5.0 53.0 11-20  1049.42* 393 356 1.1 3225
1980  5-2 1059.71 481 204 24 86.5 1981  4-13  1050.36 481 393 1.2 321.1
10-26  1060.32 838 274 3.1 89.6 11-23  1049.47 1046 426 2.5 1735
10-26  1059.71* 682 247 28 89.5 4-13  1049.47* 225 250 09 2778
1982 4-21 1059.84 646 278 23 119.6 1982 4-26  1049.63 621 373 1.7 2240
10-19  1060.48 1143 281 4.1 69.1 11-20  1049.71 603 400 1.5 2653
10-19  1059.84* 968 267 3.6 73.6 11-20  1049.63* 551 394 14 2817
2008  4-30 1060.62 374 135 28 48.7 2008  4-7 1051.22 484 322 1.5 2142
11-1  1060.89 492 148 33 44.5 11-11  1050.6 416 361 1.2 3133
11-1  1060.62* 453 141 32 43.9 4-7 1050.6* 288 310 09 3337
2009  5-16  1060.80 476 166 2.9 57.9 2009 4-1 1051.73 757 434 1.7 2488
10-18 1061.24 743 173 43 40.3 9-21  1051.2 1264 402 3.1 1279
10-18  1060.80* 668 176 3.8 46.4 4-1 1051.2% 533 407 1.3 3108
2010 6-9  1061.30 620 181 34 52.8 2010  4-13  1051.54 739 418 1.8 2364
10-19  1060.96 565 197 29 68.7 8-11  1051.03 574 421 1.4 308.8
6-9  1060.96% 558 180 3.1 58.0 4-13  1051.03* 527 413 13 3237
2011 4-24  1060.77 465 172 2.7 63.6 2011 4-12 1050.93 482 321 1.5 2138
10-20 1061.19 767 199 39 51.6 9-21  1050.85 1036 348 3.0 1169
10-20  1060.77* 690 178 3.9 459 4-12 1050.85* 537 338 1.6 2127
2012 4-22 1060.52 510 169 3.0 56.0 2012 3-24  1050.48 573 255 22 1135
10-24  1060.89 794 189 42 45.0 10-3  1051.12 1352 340 4.0 85.5
10-24  1060.52* 725 184 3.9 46.7 10-3  1050.48* 1137 333 3.4 97.5
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Tab. 2 Channel cross-section parameters under a given water level before and after the flooding season
at Sanhuhekou and Toudaoguai stations
=T BSIEET]

4y HI S/m Am’ Bm HWm BH iy A Sm  A/m’ B/m Hm B/H
1978  5-14  1018.27 597 279 21 1304 1978  6-11  985.06 300 185 1.6 1141
11-8  1017.61 883 328 2.7 1218 10-9  988.03 1278 520 25 2116

5-14  1017.61* 401 255 1.6 1622 10-9  985.06% 115 247 0.5 5305

1979  5-19  1016.66 209 213 1.0 217.1 1979  7-17  984.78 224 185 1.2 1528
10-20  1017.63 800 203 3.9 51.5 11-26  987.13 738 362 2.0 177.6

10-20  1016.66* 607 194 3.1 62.0 11-26  984.78* 198 146 14 1077

1980  5-21  1016.57 275 211 1.3 1619 1980 5-8 986.5 602 353 1.7 207.0
10-27  1017.79 889 207 43 48.2 11-10  985.54 352 254 14 1833

10-27  1016.57* 655 172 3.8 452 5-8 985.54* 345 192 1.8 1069

1981  5-14  1016.41 290 75 3.9 19.4 1981 5-9 986.03 467 314 15 2111
12-28 1018.34 1060 353 3.0 117.6 9-28 99029 3064 727 42 1725

12-28 1016.41* 492 202 24 82.9 9-28  986.03* 1072 300 3.6 84.0

1982 5-7 1016.86 421 268 1.6 170.6 1982 5-19  985.56 370 243 1.5 159.6
10-16 1018.42 1353 385 3.5 109.6 10-3  988.06 1091 537 2.0 2643

10-16  1016.86* 784 315 2.5 126.6 10-3  985.56% 119 245 0.5 5044

2008 4-4 1019.33 615 224 27 81.6 2008 4-6 987.53 900 360 2.5 1440
11-10  1018.97 473 212 22 95.1 11-3  987.16 637 283 23 1257

4-4 1018.97* 527 211 2.5 84.5 4-6 987.16% 771 347 22 1562

2009 44 1019.75 965 250 39 64.8 2009  4-7 987.62 744 335 22 1508
9-30  1019.04 585 211 2.8 76.1 11-1  986.89 572 306 1.9 163.7

4-4 1019.04* 810 245 33 74.1 4-7 986.89* 515 309 1.7 1854

2010  4-7 1019.57 796 269 3.0 90.9 2010  4-14  987.62 784 340 23 1474
10-15  1019.21 601 209 29 72.7 10-26  986.68 577 287 2.0 1427

4-7 1019.21* 718 264 2.7 97.1 4-14  986.68* 502 271 1.9 1463

2011 4-8 1019.17 618 205 3.0 68.0 2011 4-5 987.37 635 297 2.1 1389
10-16  1019.02 528 210 25 83.5 10-23  987.14 737 290 25 114.1

4-8 1019.02* 587 203 2.9 70.2 4-5 987.14* 562 295 1.9 1548

2012 3-21 1020.46 888 320 2.8 1153 2012 4-5 987.5 699 300 23 1288
10-17  1018.83 642 296 22 1365 10-9  987.68 970 324 3.0 1082

3-21 1018.83* 442 187 24 79.1 10-9  987.5% 300 185 1.6 114.1
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Fig. 2 Change ratios of channel cross-section parameters at Dengkou Station after the flooding season
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Fig. 3 Change ratios of channel cross-section parameters at Bayangaole Station after the flooding season
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Fig. 4 Change ratios of channel cross-section parameters at Sanhuhekou Station after the flooding season
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Fig. 5 Change ratios of channel cross-section parameters at Toudaoguai Station after the flooding season
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Fig. 6 Comparison of change ratios of channel cross-section parameters between the earlier period (1978-1982)
and the later period (2008-2012)
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Impact of joint operation of reservoirs on the change ratio of

downstream cross-sectional geometry parameters:
A case study of the Inner Mongolian reach of the Yellow River

SU Teng"?, WANG Suiji', MEI Yanguo"*
(1. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and
Natural Resources Research, CAS, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Studies of the impacts of reservoir operation on downstream channel changes have
been a hot spot in fluvial geomorphology in the last decades. However, it remains unknown on
how to quantitatively express channel adjustments induced by the joint operation of upstream
reservoir systems. The joint operation of the Liujiaxia and Longyangxia reservoirs on the upper
Yellow River since 1986 has significantly influenced downstream channel variations. The
objective of the paper is to analyze the channel cross-section changes at Dengkou, Bayangaole,
Sanhuhekou, and Toudaoguai gauge stations located in the Inner Mongolian reach of the upper
Yellow River in the period 1978-1982 (the earlier period, before the joint operation) and the
period 2008-2012 (the later period, after the joint operation). As for the four gauge stations, we
calculated the change ratios of cross-sectional geometry parameters, including channel cross-
section area, water width, mean water depth, and the ratio of width to depth, at a given water
level after the flooding season. The results show that most of the change ratios of the geometry
parameters increased remarkably after the flooding season. Furthermore, the change ratio of
each parameter at all the channel cross- sections decreased significantly in the later period
compared with that during the earlier period. The change ratio of the cross- section area
decreased 3.4 times while that of the water width and mean water depth decreased 3.5 times
and 2.8 times, respectively. Spatially, the downstream variations of the change ratio of the
geometry parameters evolved from a convex curve in the earlier period to an "S"-shaped curve
in the later period. The observed decreases of the change ratios of channel geometry parameters
are due to the joint operation of large upstream reservoirs. These reservoirs stored a large
amount of flood water and reduced the peak discharge and maximum flow velocity in the
flooding season; as a result, the erosion ability of the floods decreased. With the joint operation
of the large reservoirs, the Inner Mongolian reach of the Yellow River shrunk significantly in
recent years and the channel is faced with a great risk of extreme floods. Therefore, it is
necessary to reasonably utilize the dam's adjustment functions for a better control of runoff and
sediment export in the flooding season. With effective measures taken, the channel can avoid
further shrinkage and is thus ready for extreme floods.

Keywords: channel cross- section; geometry parameters;, change ratio; reservoir; joint
operation; Yellow River; Inner Mongolia



