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Fig. 6 The temporal and spatial distribution of Reynolds number of fish scale pits
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Fig. 8 The temporal and spatial distribution with flow resistances of fish-scale pits

B TR B 52,5 mmsk, A AR+ £ 5 3 R i S K
SR B I P T T A TR it A TR, SRR AL i
KF188.9 mmhity, FEELTH N WIS, IR
FAJA, FE20° G AR /NX L, PR A ik 5]
104.4 mmh}, FE%HTAR T R BORNZ il & 3 X
R, TR, TESRNEF R TR BT RS, ok
EERKEARBMER, B TR 7 i + 5=
I, AWFSEEAELSCY T ., P M1.50 mm min
FEAFMT, WA NS 3 B M A b, BTN
SHIH 58 min, BFEWEAF87 mmit, B[
A ZE A, KRICERENR, WMATh
I K TR SR sh ik, B An T o B g A ok
Y. RS —RAER, R EEN, Tk
EREKVEM .

S A TR, 3 N T 1 TR = S PO
FIPRKVE I B B AR, 7E 3% BE AN [F) A% 35 T
b, RSN E A RE XN [ RS T
PRRISCR AR, WO R R, LR T R M
. WS RN E, B 6a

5T, AT LAGE 5 76 i B A T i e A 1 o 2 6
Hury Rk BoKRCR (B bR 5s B KA.
3.2 &K NFFE

BN AR R WK i sl 1 28t , U
ARG Ze e A 45 BT, 1% 2 H AW
RSB REIE, MBSKNSEIRBRAE .
BN . KR Z i S i i RO A,
RH 1 2R 5t 2 S R ¥ 5 it Darcy-Weisbach 2y
3. ChezyA X MiManning /A 235 JE 47 A0 N 1A 5 4
B, TSR AR S WL T Y AR, 5 OB R AR TG
Ko ABFFEMZETTANEERE L, INE RS H M T
I B8 R 2 A FET Y AN 1) R S T T, G
FEMETN . BERANE N A0 R DL AN [ 3 A Ak
MWL . KR, A I TR K it A K ) B ZR B I 2 S
AW, et B K E TR A, BTA
P50 i B AR ME M B K ) 22 R AR AR RRAE . AR
G5 HR AR A0 I T B T SRR, R BE T 4l 53 Sy UKL BHL
1. BERIBHTT . BRI RUEAR DT, G T £
HE AN G BB S50 58 o TR B F 2ok 72 [

http: //pedologica. issas. ac. cn



5 ] SRR o e St DX AR BRI 1 2 e P A e SR T S Rk

1133

3T T R AR B IR TR S B A iR 28 5 3 A
B R T FE 8 0 I TR A ) AR A A e i
DR 0 1 05 1T ) R b T S Xt L SR TR L B
AR LA BT | KRR A 1 0 sh AR e P
PEAER, T o w2k R, KRR S 52 3 %
WA RIE A MR, e i T i b i
TEXF K F1 2 R AR AL 1 S 2 R ], AR 5T X 7
BT K F 2R A5, A5 BT MK 8l 2 A IR
A 7 3 T A ol 3 A 3ot R R AR

M, MBI Rt AR LR 2R, 1
BT A5 T I R AR, AR S R K g 2
MHEAT THIE5E, A TR E 22638 5 m Bk
TR B — B SRR SR L, SRR
T 1R U 3 R A R 114 [ T £ Bl b T K
TR IK 1 BB AT RS v 4 1 (9 A T A 9, kA
{8 350 334 10 1 S 2548 Tl Ak R R B Z IR A
BoT, DAIA 6 A A g 1 % v A4 4R Ik A 5 I
RIS AR

4 4

i 5 T R P A R I R R B - R
b — ikt — BB il — kST — AR R ph—— T U)MR
I — W IR P — A R o B AN b I R, g
WA KRR TR S OB BT A — 2 1
Bk SR I . KRR R RN B
52 N I 1T Sl Sy R i = D <ioB: | B ]
26 P9 B ISURERE g | 3 R BEL ) R 8 B 7 3% 52 35
Eol B W WA D S T s 5 2 N 8 2 5 A O
BB — W E AR, HEEZFIRZINR
RS2, 1 AT IR AR, B
JE K AR 35 TARR BEREA K

2 &

1] 8, RER, B&F, F WLokiaxXasth
W2 MK PR Al TR #2011, 27 (7) .
76—81
Li P, Zhu Q K, Zhao L L, et al. Soil moisture of fish-
scale pit during rainy season in loess hilly and gully region
(In Chinese ) . Transactions of the Chinese Society of
Agricultural Engineering, 2011, 27 (7) . 76—81

[2] WHwe, EM, ke, & PWHEUKERE T 280K
SRR RO R AR S MR E R, LI, 2014, 45
(5) : 1225—1232

[4]

[6]

[7]

[8]

[9]

Ge L B, Wang B, Zhang H L, et al. Variations of soil
moisture under soil and water conservation measures
and the corresponding effects on slope stability ( In
Chinese ) . Chinese Journal of Soil Science, 2014, 45
(5) : 1225—1232

ST . I A T A RN S OB Y. B
PR BT RE:, 2006

Wu S F. Study on the effect mechanism of the slope
runoff regulation (In Chinese ) . Yangling, Shaanxi:
Northwest A & F University, 2006

2, RIER, E&, B ETRE T RSN
FUAS 0 B DT AR KRBT . MR HE K 244, 2011, 30
(5): 91—94

Li P, Zhu Q K, Wang J, et al. Catchment effect of
fish-scale pits with different specification in semi-arid
hilly and gully Loess Plateau ( In Chinese ) . Journal of
Irrigation and Drainage, 2011, 30 (5) : 91—94
KRB, RFEF, RN, 5. RABETNN S M
ARTEH LW XM R HAMCR. TRXWT, 2016, 33
(3) : 560—568

ZhuY S, Chen Y X, Zha T G, et al. Application of
double-seedling afforestation technique in big fish-scale
pits in the loess gully area ( In Chinese ) . Arid Zone
Research, 2016, 33 (3) : 560—568

VAL B R JEUAE ] Gt A A (7] et ) 2R B K A PR A5 AL
BEWFSE. Kb WImAOl R, 2008

Sun J. Impacts of different land use types on soil and
water conservation in Yanhe River drainage area on
the Loess Plateau ( In Chinese ) . Changsha: Hunan
Agricultural University, 2008

EFT, KEE, ERA, S W YOnie o g i
U 9 +HOK A REIE. LR R, 2015, 46 (4) -
866—872

Wang Q N, Yi X H, Wang H S, et al. Soil moisture
regime of fish—scale pits for land preparation engineering
in loess slope revegetation (In Chinese ) . Chinese
Journal of Soil Science, 2015, 46 (4) : 866—872
ZERT R B P e DX A el 0 B it K
Sy BRI TE. BRPGAAYE . UL AR KK AR
FWFERT, 2014

Li H C. Study on spatio-temporal distribution and
utilization of soil moisture under scale-like pit and
mulching measures of the Loess hilly region (In
Chinese ) . Yangling, Shaanxi: Institute of Soil and
Water Conservation, Northwest A& F University, 2014
RWOT, REFr, RYEF, & W PR R R 1
B 3 it BEESYE. R AR, 2010, 47 (2) @ 223—
228

Wu SF, WuP T, Song W X, et al. Hydrodynamic

http: //pedologica. issas. ac. cn



1134 S T ¢ 54 &
process of soil detachment by surface runoff on Loess on semi—arid hillslopes, Southern Arizona//Parsons
slope (In Chinese ) . Acta Pedologica Sinica, 2010, A J, Abrahams A D. Overland flow: Hydraulics and
47 (2) . 223—228 erosion mechanics. London: UCL Press, 1992: 1—23

[10]  JE/NG. St o3 Berd K 4 38 R TR KB BT 5. BT [17] 5K, Af@Am, W0, 55 AR H00 B ik
Vs VAL R K L ARFEUFGE T, 2004 RIS Jr AL A A, 2008, 28 (10)
Tang X J. Experimental study on rainwater catchment 5084—5094
utilization technology in slope partition ( In Chinese ) . Zhang Y, Niu J Z, Xie B Y, et al. Dynamics
Yangling, Shaanxi:Institute of Soil and Water mechanism of the effect of forest vegetation on hill-slope
Conservation, Northwest A& F University, 2004 water erosion ( In Chinese ) . Acta Ecologica Sinica,

(111 Jssreg, REO5Y, XEE, % ETIom A syl + 2008, 28 (10) : 5084—5094
W AV R TR 5. 1R, 2012, 49 (5) ¢ [18] FBRHE, bk, 0. MRk LA 8ot
1043—1049 &K AR RS, 2002, 9 (1) @ 76—79
Yuan L F, WuSF, Liu X F, et al. Study on loess hill Zheng LY, LiZ B, LiP. Advances in researches of the
slope rill erosion model based on cellular automata ( In effectiveness for vegetation conserving soil and water ( In
Chinese ) . Acta Pedologica Sinica, 2012, 49 (5) : Chinese ) . Journal of Soil and Water Conservation,
1043—1049 2002, 9 (1) : 76—79

[12] J"&&, £, 0, F 2Otk s [19]  BUFRLL. Bl PR R AR A K 3l ) 2 R 1 SRR i v
PTEAS AR, 24, 2011, 29 (4) : 469—473 MR . BRPIAEE . PHALAR MBI K LR R0
Yan D C, Wang Y F, Wen A B, et al. Configuration BT, 2014
evolvement of rill development on purple slopeland ( In Zhao C H. Slope and erosive rainfall runoff hydraulics
Chinese ) . Journal of Mountain Science, 2011, 29 and its effect on sediment transport ( In Chinese ) .

(4) . 469—473 Yangling, Shaanxi: Institute of Soil and Water
[13]  FI4k7E, ohAT9, 2R, & SZYmae 25 i3 &L Conservation, Northwest A& F University, 2014
K RFRE NG, ol TR, 2012, 28 [20] HET, HOBA, W02, Yok 5 g 3om 4 i m 4 X
(10) : 138—144 KNSR IE. KB, 2009, 20 (2)
HelJJ, SunLY, LiJL, etal. Experimental study on 236—240
rill evolution process and runoff-sediment relationship Xiao P Q, Zheng F L, Yao W Y. Flow pattern and
for gentle slope (In Chinese ) . Transactions of the hydraulic parameter characteristics in hillslope-
Chinese Society of Agricultural Engineering, 2012, 28 gullyslope system ( In Chinese ) . Advances in Water
(10) : 138—144 Sciences, 2009, 20 (2) : 236—240
[14] EZz, RBO7, B, % ET=24800R8 00 [21] skgash, FOLille, BR, % SUURET A0 NS
T AV AR S A A RS UK LR RER WK I F AT K BAE R, 2012, 23 (2) .
2011, 9 (2) : 32—46 229—235
Huo Y Y, Wu S F, Feng H, et al. Dynamic process Zhang K D, Wang G Q, Lu H X, et al. Experimental
of slope rill erosion based on three-dimensional laser study of shallow flow hydraulics on a hillslope under
scanner (In Chinese) . Science of Soil and Water artificial rainfall conditions ( In Chinese ) . Advances in
Conservation, 2011, 9 (2) : 32—46 Water Sciences, 2012, 23 (2) : 229—235
[16] ROy, X0, Exz, % ELmmeRmes [22] skgeHh, EOLile, PRk, % BUESEGANT
RSP R, 2015, 52 (1) : 48—56 I R B 1 ARk, K BE g, 2014, 25 (6) -
WuSF, LiuZH, HuoY Y, et al. Development of rill 825—834
erosion on loess slope and its simulation ( In Chinese ) . Zhang K D, Wang G Q, Sun X M, et al. Hydraulic
Acta Pedologica Sinica, 2015, 52 (1) : 48—56 characteristic of overland flow under different vegetation
[16] Abrahams A D, Parsons A J, Hirsch P J. Field and coverage (In Chinese ) . Advances in Water Sciences,

laboratory studies of resistance to inter rill overland flow

2014, 25 (6) : 825—834

http: //pedologica. issas. ac. cn



5 ] SRGEA A« B o g J L X O3 T o A e oK oA R 1135

Erosion Evolution Processes and Hydraulic Characteristics Analysis of Fish-
scale Pit Slop on Loess Plateau Region

GUO Huili' SUN Liquan' WU Shufang'’ LI Yiping' ZHANG Yongdong®
(1 Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education,

Northwest A & F University, Yangling, Shaanxi 712100, China; )

(2 Bureau of Water Resources, Economic & Technological Development Zones, Wansheng, Chongqing 400800, China )

Abstract [ Objective] Fish-scale pits measure is a widespread and typical soil and water conservation
engineering measure in Loess Plateau that can be used to impound runoff and reduce the soil erosion mass and
create a good water condition for vegetation growth. In order to clarify erosion evolution processes and flow
hydraulic characteristics of fish-scale pies measure under the condition of continuous rainfall. [Method] In
this paper, we analysed the erosion evolution with 3D laser scanner and realized graphical and digital process
of erosion evolution on fish-scale pies slope by laboratory five rainfalls simulation. [Result] The results
showed that: (1) Dynamic process of fish-scale pits erosion could be presented as splash erosion-sheet
erosion-drop pit-rill erosion-longitudinal erosion-headward erosion-collapse. By the end of the 5th rainfall,
the largest rill length. width and depth respectively increased to 80 cm. 22 cm and 7.8 cm. During the first
two rainfalls, fish-scale pits played a significant role in water storage and silt detention, sheet erosion and
rill erosion occurred at some parts of slope; Later, due to excessive water of pits and high moisture content
of side slope, leading to collapse phenomenon in pits and longitudinal erosion, rill headward erosion at
down-slope, also increased erosion. (2 ) As the rainfall duration increases, the down-slope velocity and
runoff depth were increased with fluctuation because the rainfall could be hold up in pits. What’s more,
vortex accurred in pits and streams scour accurred in slope surface.The order of the average flow velocity
and the average water depth is: the up-slope > mid-slope > down-slope. The velocity and depth in rill were
significantly larger the slope. The Reynolds number of up-slope and mid-slope was less than 500, and for
down-slope, it was over 500 at the end of 5th rainfall. When rainfall accumulated duration reached 58 min and
rainfall increased to 87 mm, erosion increased dramatically. Fish-scale pits unable to played a positive effect.

(3) During five rainfalls, the upslope and mid-slope flow regime was laminar flow. With the down-slope pits
being filled, slope runoff fluctuated greatly, down-slope flow became turbulent flow from laminar flow and
changed between subcritical flow and supercritical flow. (4 ) Resistance mainly comes from rain, grain and
form resistance, and form resistance that orginated from the rugged slope was the dominant resistance. Due to
the callapse. scour and fluctuant change of terrain, resistance decreased with rainfall accumulation duration
accompanied by minor fluctuations. The order of resistance was form resistance > grain resistance > rain
resistance. [ Conclusion] The study was of momentous significance to clarify the fish-scale pit slope erosion
and its mechanism, also provides theory basis and decision support for loess plateau area to layout fish-scale
pits reasonably. Only if we layout fish-scale pits reasonably in Loess Plateau area can we improve and keep
soil moisture greatly.

Key words Fish-scale pits slope; Laboratory continuous rainfall simulation; Dynamic evolution

processes; Hydraulic characteristics
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