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Abstract: [ Objective] To analyze the scale — dependent relationships between daily sediment yield and key
environmental factors and to explore effective prediction method to cope with the prediction challenges caused
by the complexity of sediment transport mechanisms and the nonlinearity of hydrological processes.
[ Methods | Employing the Composite Ensemble Empirical Mode Decomposition with Adaptive Noise
(CEEMDAN) approach, we analyzed the multi-temporal scale variability characteristics between daily
sediment yield and five potential influencing variables (flow rate, precipitation, average temperature,
potential evapotranspiration, and NDVI) in the controled regions of four hydrological stations in the Fu River
basin of Southwest China from 2013 to 2018. Interactions between daily sediment yield and related variables
at different temporal scales were identified, upon which predictions of daily sediment yield were predicted.
[Results ]| The CEEMDAN method successfully decomposed the daily sediment yield and its potential
influencing variables into 10— 11 intrinsic mode functions (IMFs) and residual item, revealing the significant
changes of the daily sediment yield at different temporal scales ranging from 3 to 730 days. After
decomposition, daily sediment yield showed significantly enhanced correlation with howrate and precipitation
across all temporal scales, whereas temperature, potential evapotranspiration, and NDVI were primarily

significantly correlated with long-term scale sediment yields. By using stepwise multiple linear regression to
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predict the daily sediment yield , the prediction performance of the model is significant, and the R* values

exceeds 0.55 at all stations. [ Conclusion] The CEEMDAN method effectively revealed the scale dependency

between sediment yield and its influencing variables, offering a new perspective for understanding the

dynamics of river sediment transport.
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ture and NDVI
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Table 2 Scale changes in variable modal decomposition

W AmER WUR it Mokt mfEREkR THEAUR NDVI Eamye
IMF1 3 3 3 3 3 3
IMF2 4 4 4 5 4 4 4
IMF3 4 4 5 6 5 4 5
IMF4 7 8 9 10 9 8 9
It IMF5 14 17 16 21 17 16 17
IMF6 26 34 33 39 32 34 33
IMF7 61 68 61 76 61 66 66
IMF8 129 157 129 313 365 243 223
IMF9 313 365 365 365 365 365 356
IMF10 548 548 438 548 730 1096 651
IMF11 730 — — 2 191 2 191 1096 1552
IMF1 3 3 3 3 3 3 3
IMF2 3 4 4 5 4 4 4
IMF3 3 4 5 6 5 4 5
IMF4 6 8 9 10 9 8 8
T3 IMF5 12 17 17 20 16 16 16
IMF6 23 35 33 39 32 35 33
IMF7 53 84 64 76 61 68 68
IMF8 110 146 146 313 365 365 241
IMF9 243 365 365 365 365 365 345
IMF10 438 438 548 730 730 548 572
IMF11 730 — — 2191 2191 2191 1 826
IMF1 3 3 3 3 3 3 3
IMF2 4 4 4 5 4 4 4
IMF3 3 4 5 5 5 4 4
IMF4 6 7 9 10 9 8 8
gt IMF5 13 15 16 18 16 15 16
IMF6 23 30 30 33 33 33 30
IMF7 51 71 66 78 56 61 64
IMEF8 115 157 137 243 365 365 230
IMF9 243 365 365 365 365 313 336
IMF10 438 548 548 548 730 548 560
IMF11 730 — 730 — 2191 2191 1461
IMF1 3 3 3 3 3 3 3
IMF2 3 4 4 4 4 4 4
IMF3 3 4 5 5 5 4 4
IMF4 6 7 10 10 9 8 8
SN 451 IMF5 12 14 18 18 17 15 16
IMF6 23 27 33 34 33 34 31
IMF7 52 68 71 68 61 66 64
IMF8 110 169 169 274 365 365 242
IMF9 243 365 365 365 365 313 336
IMF10 548 730 548 1 096 730 2191 974
IMF11 730 730 — 2191 2191 2191 1 607

223t CEEMDAN 43 i Ji » AR BF 5545 3] H i v % FLARBFFE (3 A8 4 AP 1 i0x Fh 22 55 10
FVETE S 28 5 10~ 11 M) IMFs fi5% 2%, B & 55 JEC Rl — T T 2 A 58 00 Sk H R, 55— 1 U] 2 AR
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Table 3  Stepwise multiple linear regression between daily sediment yield after ensemble empirical mode decomposition and
potential variables
Wis IMF A A )5 2 R* F
IMF1  S,=1.994+11.214 Q, +11.287 P, 0.347 583.156
IMF2 S,=—13.096+38.435 Q. 0.136 346.296
IMF3  S;=2.102+10.874 Q;+11.094 P;+28.189 T+82.033 ET;—1 623.671 NDVI; 0.577 598.547
IMF4 S,=0.295+5.201 Q,+5.151 P,—47.075 ET,+2 139.131 NDVI, 0.466 478.190
IMF5  S;=4.467+10.437 Q; —34.765 P;+33.456 T5—100.188 ET; 0.550 668.956
T& IMF6  Ss=4.41749.240 Qs —51.905 Ps—19.566 T —188.085 ET 0.674 1135.395
IMF7 S;=17.081+8.270 Q;+17.560 T, —128.422 ET;—564.896 NDVI; 0.541 645.469
IMF8 Ss=68.496+3.349 Qs +76.821 P3—18.950 T's+133.871 ET3—775.513 NDVI; 0.618 708.204
IMF9  Sy=-—23.995+7.070 Qo +61.397 P, +257.515 Ty —441,913 ET,—10 812.250 NDVI, 0.885 3 380.238
IMF10  S;,=—49.251+15.267 Q1o —239.899 P, —195.720 T, +5 120.991 NDVI,, 0.845 2 996.509
IMF11 S, =-—40.342+184.152 P, +230.331 T, +650.642 ET; —4 505.316 NDVI 0.998 299 818.290
% S1,=5940.6631+0.395 Q1 +243.927 P, —111.419 T, +300.726 ET,,—10 485.877 NDVI,, 0.998 222 983.190
IMF1  y=20.724+7.426 Q, 0.406 1497.477
IMF2 y=-—10.770+11.189 Q,—11.732 P, 0.440 857.910
IMF3 y=—1.080+1.423 Q;+13.779 P;+1 333.385 NDVI; 0.273 273.075
IMF4  y=-—0.232+3.330 Q,+25.071 P, 0.407 751.874
IMF5  y=2.9544+4.629 Qs —22.446 T5+1 121.567 NDVI; 0.511 761.533
R IMF6  y=19.477+43.320 Qs +20.094 Ps+50.560 T5—205.750 ET5—1 692.804 NDVI; 0.545 523.589
IMF7  y=12.925+3.385 Q; —73.126 T,+392.665 ET;—990.187 NDVI;, 0.537 633.626
IMF8  y=21.826+3.357 Qs—31.393 Py —7.198 T3 +88.242 ET3—130.526 NDVIg 0.758 1367.811
IMF9  y=-—1.925+2.925 Q,+113.719 T, —88.768 ET,—5 841.312 NDVI; 0.865 3511.662
IMF10 y=17.016+0.868 Q1, —58.306 P, +76.743 T,,—874.110 ET 1, +949.979 NDVI,, 0.659 844.110
IMF11  y=-—131.353+139.537 T, —717.504 ET;;+10 801.491 NDVI, 0.990 75 318.378
k% y=28898.439—2.651 Q»+274.180 P, —3 297.620 T, +3 324.150 ET,+21 092.306 NDVI,, 0.999 691 637.310
IMF1  y=219.736+11.712 Q, +54.622 P, +1 185.254 ET, 0.216 200.362
IMF2 y=—188.289+24.138 Q- 0.172 455.510
IMF3  y=20.161+10.817 Q;+68.263 P;+192.961 T 0.553 901.127
IMF4  y=—10.834+7.506 Q,—306.928 P, 0.412 767.491
IMF5  y=51.510+14.575 Q;—529.978 P;—9 259.354 NDVI; 0.644 1.317.307
S IMF6 y=83.967+11.747 Qs —3 043.931 ET—14 687.943 NDVI; 0.567 955.093
IMF7  y=74.314+15.621 Q;—516.311 P, —2 937.177 ET,+13 278.936 NDVI, 0.825 2 584.614
IMF8  y=179.340+10.217 Q4 +185.377 P5—578.777 Ts+2 720.295 ETs+19 327.133 NDVI; 0.904 4 106.391
IMF9  y=43.846+1.727 Qo +423.477 Py+1 063.272 Ty —2 834.364 ET,—59 666.960 NDVI, 0.760 1.387.351
IMF10 y=92.326+8.153 Qo —1 139.100 P, —2 433.672 T, +9 006.315 ET,,+132 037.134 NDVI,, 0.962 11 071.197
IMF11 y=—2769.652+1634.194 P, +2 524.395 T4, —3 463.788 ET; +29 595.140 NDVI;; 0.984 33 036.897
%% y=273 852.133+1.406 Q,, +1 750.810 P, —17 880.354 T, +68 890.767 ET,, —245 068.679 NDVI,, 1.000 5 714 111.500
IMF1  y=150.772+7.653 Q 0.236 675.257
IMF2 y=—170.755+10.088 Q- 0.163 427.826
IMF3  y=—2.459+2.591 Q;+96.295 P;+117.978 T,+8 696.366 NDVI, 0.259 190.989
IMF4  y=—19.987+6.410 Q, —166.566 P, 0.311 494.188
IMF5  y=50.896+8.617 Qs —131.643 P5—8 453.060 NDVI; 0.575 986.826
SN 3 IMF6 y=286.366+7.928 Qs 1450.601 Ts—3 853.894 ETs—10 091.662 NDVI;, 0.690 1 216.970
IMF7  y=39.291+8.210 Q;—250.232 P;—1 874.551 ET,+7 097.334 NDVI, 0.872 3 732.427
IMF8 y=168.421+5.433 Qs +179.936 Py —241.295 T3+817.147 ET+7 510.648 NDVI; 0.947 7 747.628
IMF9  y=—100.633+5.056 Qo —679.190 P¢+942.040 Ty +2 074.782 ET,—63 456.579 NDVI, 0.850 2 474.236
IMF10 y=177.874—1.166 Q1o +1 442.746 P, +1 404.262 T, +957.074 ET1,—20 216.814 NDVI;, 0.945 7 449.976
IMF11  y=—840.011+5.153 Q,, +805.761 T, —400.805 ET,, +9 301.347 NDVI}, 0.971 18 338.474
% y=056 723.978+6.542 Q,»—100.541 Py, —474.519 T, +5 521.267 ET,,— 115 389.499 NDVI,, 1.000 916 093.260
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Table 4 Statistical comparison of daily sediment yield pre-
diction results before and after decomposition in

the watershed
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