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1958 4, - 1969 4F4ffunti o 7 VAT T3 o i vh AL
[X,37°31'N, 109°47'E,, Jitss i F 205 km?, 4k i ) 900~
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H, Z 88D s om 5 RW, s KEWmER
3.5 mm/min. fRHLAE NS ECARANIES], 62%4EH T 7—9
H, PR 8°C, fem i 38°C, HALRiR-27C,
R4,

P 1L v B 7K XA T b 50 i 3 2 R, 37°41N,
109°58'E, KJ¥ 0.63 km, [fif 0.18 km?, L% 135%0,

e No.1-12 AR A -
Note: No.1-12 is the identifier of each numbered runoff plot.
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Fig.1 Location of study area and runoff plots in Tuanshangou Catchment
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935.5 kg/m®, P}k 481.6 kg/m®; f K& V-EARLE
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I A 0.05~17 598 tkm?, T34 574 t/km?. 542k
Pkt K PIEE. RiAR R, TR ST E R KSR
ALE, BRAKPI . dtigRE . R, FRWE. @
BE AR e RAOH AR, R IR IR i v (AR R
TEZ I A [FAR L FE R 2K ) o

F2MLERER, Mg Hy gpy g T EEEAE,
K HL Aoy O T 0 REM I 152 fl = 0 i 2 ) B 2 A
#, L, M5 H RO, O 0.99. Spy Smax

5 RPM. G Gpo He TEREAI, P, Spu Spacld
RPM A S R 8 K, 7390174 0.62 #10.61.
x1 HWH7 S&E5% 1961 —1969 FREREBHFITHFE
Table 1  Statistics of runoff events from No.7 runoff plot at
Tuanshangou Catchment during 1961-1969

ZH ME BOK(E CPRE beEE A A

Parameter Minimum Maximum Mean Std. Error Coefficient of variation

T/min 2 170 315 2895 0.92
T,/min 1 164 125 2391 1.92
T,/min 1 69 183  14.95 0.82
gp/(m*s™) 000004 0274 0.04 0.06 1.59
H/mm 0.004 24.4 35 6.07 1.72
gn/(m*s?)  0.00003  0.048 0007 0.1 1.54
RPM 13 135 4.3 2.66 0.62
M/(tkm?)  0.05 17598 2659  4590.22 1.73
Sm/(kg-m™®) 1 9355 4816 297.86 0.62
Smax/(kg-m?®) 12,9 1120 6015 33658 0.56

H: Tv Tps Tes Gpv He Oms RPMy Msy S Smax 20 B RART I kK
P21 -7 N 39 NS %= R 17 N 3 /- N 81 SN 11801 O
BIs g K. TR

Note: T, Tp, Tr, Op, H, Om, RPM, Ms, Sp, Smax represent runoff duration,
Time-to-Peak, time duration of recession, peak discharge, runoff depth, mean
discharge, ratio of peak discharge to mean discharge (flow variability),
area-specific sediment yield, mean suspended sediment concentration and
maximum suspended sediment concentration, respectively. The same as below.

#2 HAAtsSERFHERFESHRIVHFLETERM
R REME R R
Table 2 Pearson correlations between feature variables related to
runoff and suspended sediment delivery for No.7 runoff plot at
Tuanshangou Catchment

T Up H Om RPM M Sm Smax

T 1
g 0397 1

H 053" 0917 1

On 029" 0957 086" 1

RPM 0497 053" 0457 036" 1

M, 0517 0927 0997 089" 0447 1

Ssm 031" 058" 0527 060" 062" 055" 1

Smax 0327 049™ 0457 050" 0617 0477 0977 1

T *RRAE 0.05 K1 LR (R, **K7n7E 0.01 K LR ).
T,

Note: * Correlation is significant at the 0.05 level (2-tailed). ** Correlation is
significant at the 0.01 level (2-tailed). The same as below.
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ST A3, ARV AL RPM Y Ak e T i —
IV P B, s I 3s T H 3R B A5 S b SRR S A2 4
REFR VO . R 2 Mg IR, T [FIBARXT Fdk #5 20
febrr R EE R, Kk, JEH T, H 1 RPM 3 MEFR
G RAES AR .
3.2 ZmEEMAER

PL 65 ik Aeim F A I A4, DL T H 1 RPM 1E
NIRRT PAIAT RGREM K R EDHT.
2 TS R L, SR G IERE K R E )
B HTHEAT 2 BRI 2. AR IR
5K (K3, BEMAKTHE P<0.001, ANFEZEHKH
SRR IO R A, R R BN 3.

He A, BRI RER PMER: B, TR AR KIEH:
C, K. WA, KIEW: D, FIIN. AR, Mai: E, hII.
AR, PR
Note: Regime A with super-long duration, low flow variability (the ratio of peak
discharge to mean discharge), and minor total discharge (a particular regime);
Regime B with relative long duration, medium flow variability, and large total
discharge; Regime C with long duration, high flow variability, and large total
discharge; Regime D with short duration, low flow variability, and minor total
discharge of high frequency; Regime E with medium duration, medium flow
variability, and medium total discharge.
B2 ZEREEHB SR
Fig.2 Result of discriminant analysis on runoff regimes

#3 FRBRERBEZFITHEHE
Table 3 Main statistical features of different runoff regimes

PRI F AL T HELE AL main statistical features
Runoff regime/
Number T T T gp H dm RPM
A/l 170 164 6 0.0004 0.27 0.0001 2.87
B/7 58 18 40 0.1391 13.77 0.0220 6.28
C/3 104 56 48 0.1196 17.08 0.0152 9.14
D/33 14 5 8 0.0079 042 0.0021 271
E/21 34 10 24 0.0475 3.26 0.0087 5.50
7E 5 Pfamiiiih, A BARRIN R, FHE.
Up S H Feh, BATBEDI . AR INMET IR S,

SRR AR TE T . B AR K I, AR
KBEMARTRFA . CRARRAAKIN . AR,
KBRS, D BMARREESNKERZ, HaHris
111 50.8%, HATFIDINT . RARZ. NMERIRE S, i
Shy e R AR IR o E AR IS AR ST AIE 1 P 31 5 4
AR A L, FEEP I AR
TR AR I F A

F MBI BRI A AR I SR B AR

K11 0.1%. 41.9%. 22.3%. 6%F1 29.7%, KW B, E. C
& FER PR AR . SARRRN T 2R R R
K MEIR A : T, A>C>B>E>D; H, C>B>E>
D>A; RPM, C>B>E>A>D.
3.3 ARIZEBZIRBIZ Ih D HHE

PRI R IT 220 iR W], AR R AR ) 32 B b
FRAES HA S, WK P<0.001. #480
R BT T3 ) o A AR AT S b K 0.00%.
40.1%. 24%. 5.6%F/ 30.3%, KM B. E. C BURixS 4
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Table 4 Characteristics of sediment transport driven by different
runoff regimes

Runoff regime M Sm Smax
A 25.9 96.6 241
B 9879 707 835
C 12 765 738 884
D 287 304 414
E 2 547 658 786

Ji 225y TR I, A3 UL 28 TR 0] i b A 5 T 25 o
64.7%, AWML H AR AP ELNE. FiE
(B W T3P~ Mg A 45 3, eI iR hin v
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YOS s AR I R AR I AR R ) S R B T A58 9 e R
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[EIY/E I E = (R 8 (TR R A b i N X VAT S K 4
B EE T AR LIS Y B AR IR S TR 1K1
hPEYR e IR /ME R D>E>C>B. UL B B4R Ky it
e, HAeRME B RRRMLL, AEMFEAERE 5 %
PR BT BBOE . AM, R Z AR AT %2
G A T KD R R ACE BT 5 R v b 481k . L D
HIARF M, AM = 220H-210, 4423k 0 6.5 mm I,
AM = 1220, ENFR5R AN 6.5 mm i, £ D BG4
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B HUAR IR I R A, T /KT 5% 2R I BB A A b BB
T 1220 t/km? (SEBR 252 1355 t/km?).

A3 RREEBZAFH DRSS ZARE AR
Fig.3 Area-specific sediment yield plotted as a linear function of
runoff depth under different regimes
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e, AR RSB R (O MFISET
RPN A R

B4 AR AR AT AR A
Fig.4 Relative area-specific sediment yield under different runoff
regimes
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Fig.5 The relationship of relative area-specific sediment yield to
runoff depth
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F5 AREERELETHIKIDMmE KR
Table 5 Flow-sediment relationships under different runoff regimes

£i4y Combined

kK Bt Rising limb

% 7K Bt Recession limb

PRy T Py preprnT
Runoff A%t KPPURE S T SR KPP U T SR KPR 3
regime Parameter Flow-sediment relationshi Parameter Flow-sediment relationshi Parameter Flow-sediment relationshi
structure P structure P structure P
B c=h S =96.2In + 1431 (R?=0.73, c=h $=91.7In¢ + 1375 (R?=0.72, = Pe= S =31.6In¢ + 1114 (R’=0.74,
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Impact of runoff regimes on sediment yield and sediment flow behavior at
slope scale

Zhang Letao"?, Li Zhanbin'**, Wang Shanshan™?

(1. State Key Laboratory of Soil Erosion and Dry-land Farming on the Loess Plateau, Institute of Soil and Water Conservation, Chinese
Academy of Sciences and Ministry of Water Resources, Yangling 712100, China; 2. University of Chinese Academy of Sciences, Beijing
100049, China; 3. Key Laboratory of Northwest Water Resources and Environment Ecology of Ministry of Education, Xi’an University of
Technology, Xi’ an 710048, China)

Abstract: The process of soil erosion is significantly impacted by rainfall-runoff pattern. To investigate the impact of runoff
regimes on sediment yield and sediment flow behavior at slope scale, runoff and sediment data was collected and analyzed based
on 65 individual runoff events from No.7 runoff plot at entire slope scale at Tuanshangou Catchment. Runoff process was
characterized by runoff duration (T), runoff depth (H) and the ratio of peak discharge to mean discharge (flow variability, RPM)
based on correlation analysis. Combined method of K-mean clustering, discriminant analysis as well as One-Way ANOVA was
utilized to classify the runoff regimes. To quantify the relative impact of different runoff regimes on sediment yield from the same
runoff amount (depth), 12 comparative groups were selected to conduct comparative analysis. Furthermore, dynamic indexes
termed & were constructed with the method of multiple stepwise regression based on main indexes of runoff characteristics to
depict the flow sediment behavior under different runoff regimes and runoff phases (rising limb and recession limb). The results
showed that the runoff at entire slope scale could be classified into five regimes: Regime A with super-long duration, low flow
variability, and minor total discharge (a particular regime); Regime B with relative long duration, medium flow variability, and
large total discharge; Regime C with long duration, high flow variability, and large total discharge; Regime D with short duration,
low flow variability, and minor total discharge of high frequency; Regime E with medium duration, medium flow variability, and
medium total discharge. Area-specific sediment yield, mean suspended sediment concentration and maximum suspended sediment
concentration showed great difference between different runoff regimes, which ranked in the order of C>B>E>D>A. This
indicated that regime B, E, and C should be paid more attention to conduct runoff regulation. The difference of area-specific
sediment yield between different regimes mainly derived from the variations in runoff amount (depth); and yet, the effect of
altered flow-sediment relationship on area-specific sediment yield was masked. From another perspective, the difference of
area-specific sediment yield originated from different regimes with the same runoff amount (depth) mainly derived from the
variations in flow sediment behavior. Driven by the variations in sediment flow behavior, in comparison with regime A, the
relative area-specific sediment yield from regime D, E, B and C were increased by 7.9 times, 6.3 times, 4.8 times and 4.5 times,
respectively. In addition, the increase ratio decreased with the increase in runoff amount (depth). The optimum regression equation
between suspended sediment concentration (S) and dynamic parameters (¢) based on main runoff characteristics obeyed the
function form of S = alné+b (R*>0.5, sig<<0.001), which can interpret the main driving factors resulting in variations in sediment
concentration under different runoff regimes and runoff phases. In conclusion, the results may provide some evidence for runoff
pattern classification, construction of flow-sediment relationship, overall evaluation on the benefit of runoff regulation system at
slope scale, as well as the further enrichment of the theory of slope runoff regulation.

Key words: runoff; slope; regulation; runoff regime; entire slope; soil erosion and sediment yield; runoff regulation; sediment
flow behavior



