#32% HI1TH 7 A D Vol.32 No.17
112 2016 4 9H Transactions of the Chinese Society of Agricultural Engineering Sep. 2016

EAARESOM “TRFLRE” XXUIREE R 2 THHE
wEE AR oK% # o, RAF HRR!

(1. PEACARMBIR R A K R AR RRIT 5T AT o £ R R R ol S PR R S se s ==, e 712100;
2. VYR T ARAVG I K SR S A BT A S B A R T AT S =, VG 710048;
3. FEFRFMEBKFRR K SAREEFOT, Mg 7121000

W OE: KA KR A R S W E S R T YYD . AR R K AL S AR P A, R 3 AR AR
ST T ARSI N, R R A VR I T DX R i B S R 34T T ORI 1 a (S i, fESRIERE B, 2254
SRR, TSR R K R A AR AR, SRR 1D BRSO i S R R R B R, 10— 11
RAA4—5 HRAsREE KT A ALR T, 4—5 HXIBREE R K, AT RAGRER 2~3 f%; 20 LiEnTidERoR
BRI BN EA TP EEX (94.95%) >3+ FEEHEIX (62.18%) >FI I F A IRIX (44.51%) . PEASTIDEX
JET R R, e B VA AR DX R B R e RO R R R KU, 1 ORAL L 3 Rl TE A SRRk A S 4 4k
8.74. 5.95 1 5.16 Mt, Wb AT & BB 2-50 44.03%. 29.97%F1 26.00%; 3) BFFTIX K R AL 0 7 1] 3228 0 4< 7y
7 15 A /I %P DR 3ol 2 B Ay MR- e RS - P HE AL, RS R B DX o 5 498 i S 2 T 9 i #4( R=0.78, P<0.05)
WFFC s nT B va -+ K AL L VR VI AR S B BEC B /K A PR S SR 22 A0 4

KB R4k R 13 RURIRE; HETL; WAHA
doi: 10.11975/j.issn.1002-6819.2016.17.016

FESES: S157.1 XHEkFRERD: A

WEF FEH®, K F T K KERE HERE ETAREIR TR RRMEERTTRFEN]. Rl
IR, 2016, 32(17): 112—119. doi: 10.11975/.issn.1002-6819.2016.17.016
Sun Baoyang, Li Zhanbin, Zhang Yang, Ma Bo, Zhang Letao, Xiao Junbo. Spatiotemporal variation of wind erosion intensity in
region of Ten Small Tributaries in Inner Monglia branch of Yellow River[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2016, 32(17): 112 — 119. (in Chinese with English abstract) doi :

10.11975/j.issn.1002-6819.2016.17.016

NEHRS: 1002-6819(2016)-17-0112-08

http://www.tcsae.org

http://www.tcsae.org

0 51 &

P —Fp SRR AR o R AR 24y A K
TR 1/4, T2 AET R0 T 5o g e
D21 2 I el X P ] 0 52 BUAS AL REJE e RO 4R
BREEMT, T R S AR A g, R X
(RSB IF T AL I 5 <3 N s AN B R R L | ZN L)
ks ATREED RR, SEIE YR, PHIERGHISE A AR
G R AEY ] P e S YA YT T ARl TR T RN
WFST . 75 1958 — 1987 4F[A], L 2= AV RART KL 1780
T3t BRZD HE N B #TO7), 1986—2013 45 [A] 4L A 2 5% 7]
Bt BRAEXIRID N B B KAWL — B mh B (&
K 9.31x10° t/a) FE/D, HLATTB RPN IR R
I RN, 2001 —2010 fE T E 5 R 5 HBIX
X ] R b AR TR R 15.87 M, ST K FL AR

Wk HIW: 2016-03-01  EITHIW: 2016-06-10

FETIH: EREARREIEEE AT (41330858); FHlbAMEMK#H
LR E s34 (2452015345),

FEZ WA INEPE, 9, WZRORRE, b, RRAF LRI, Mk
PEACAR MR 22K L ARFEDE TR 3 1 L4 5 2 b R TR 5% o
SCH6E, 712100, Email: 378908186@qq.com

MAEAEE: Bdol, %, WEEUE, BT, ML, RS LERMmY
IKEARIETFI e o1 R B KRR K - R0 IT 3% v SR - 3842 Tl
R AR Y 5K S, 712100, Email: zhanbinli@126.com

sk A 7.33 M. ST T - 5 T B R AL )
JRGHE (223 1) 73 A AL, A DLk RS fe KK LA X K 22
[T o LT s AN TR oA AN A
HEA IR Ay 5 AP DRI eV X gt e %
DRSPS N B 55 5 AT HE A 2 T A7 55 58 1 TE AT
P SRV NISE S 2 M YN 011 e QR I ESL R DN )i §
AU SRS R 3RV, SRk, N S
PRI PR N RS R AN AR, i ] P U v AR A S A4 2 AT
(R, I HIGHOBIU S RAEAT IR . B TR T
VAMEFA SO i LU A R, 2t
TREIRSZ NN BN, A ST 2IREA,  (HAE T LUK
RS SO i, JC 2 MU i R
FORFLI RO 10 4% 1 05000, LA SEE, T4
IR PR FE S, BUEmHE A, E
JBH N R W 7= 22 4, 20 2B I T R SR R,
DA R AL RS R GEEFTIE AR, E Rk 3 B
767 S ) T A R AL B R Ok,
MBI RIE 0 3t AR IX L PEAT S Vb X RS g
MRRPIRIX 3 FiIB. fir A+ RAL S AR 3R s b4
VB IR 2 A3 AR AE SR TR s 2 P12, 36 AL SR
b IR  AD, HIJGE X K b Ko T 3E
PP uTEk. FEFU, ASCRRSL 3 R Ay
WEON S, e AT A R AT KUkt B2 N 25 A2 4L



517 3

PIIERT: BTSN S T RALIL” DRV B2 I 25 28 (AR il 113

FEAE, WIER AR MR SR A, Jf 2 s 5
FRALS 3 FhHLAE R A N LB, BT N
SCUIATIE Y VIR A R XUk B 96 FE AR IR
1 MREFX
1.1 REXER

- RKAL TR 10 5 HAR BN PE IR 1 3, AT
SEIA P IEEEN,  HR AR A R R 2 A 9 B,
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B AL L IR T A 200~1 300 km® 22 7], RAL 3 A& 5
ISR Z G HE b, B AR TS . RSl e
FH R 2 b 23 A o e i VA B X 3R 7 26 A W 3 ) XD B
B A S50 X RS T B BT SR X =K AR
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Ik 587 mo 1 RALILE T IAUREE A%, AFE38FK
TN 240~360 mm, ZHEF T 7—8 H, 3—5 HHEA AKX
KA, AEBRNHE 24 d, B R XGEIE 28 m/s.
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Fig.1 Monitoring site layout in test area
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Table 1 Variation of mean temperature, precipitation and wind
velocity in test area

i I TRFAR THE
Month temperZ::re/ C precipl\i/t[:;gln/mm vei\g:ii; 7:;11112'1)
6 H 19.10 42.19 43
7H 22.00 31.12 2.5
8 20.00 21.64 2.6
9H 12.90 22.09 22
10 H 4.20 10.02 3.7
11 H 3.30 5.91 2.7
12 1 9.80 2.24 3.0
1 /] 10.90 0.51 2.3
2 /] 5.30 0.00 2.9
3 H 3.60 1.01 3.1
4 H 9.50 0.50 143
5H 18.60 21.14 8.2
A4 Full year 6.85 13.20 3.0
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B AN 2 762 km®, N7 ST 7 2 R ST S X TR A
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kg/(m*d); A A ER  RIEIIRS, AEFARC AL S R )4y
PR, m; a MIRI/NXAKEE, 10m; b 4 WEH/NX 58 B
10 m; pp WUEI/NX FHEATE, g/lom®s ¢ ik 2 Y
(RG], s Q, AWESIRI n K5, BB, ke
R AMEHEARSE, m: Ay AT P A3 ERA TR P I ET-852 /)
Rl KR, m.

+ FECRLRL /3 #K F Malvern Mastersizer 2000 %Y
WOCRLEA (B TR SCA D A IR YE Y
0.02~2 000 pm. I /NXARVYTT 100 A x i, AL )
y Hl, EE RN 2 B, @SS E AR R, 121 AN
EFAARR AR AN (0, 0, zp) F] (10, 10, zpp) , H 2z
ARFREE g SIET MR . FIFH ArcGIS HEAT AT AR BE,
FIF (3D nrHEECHE I N Hb R AR E . FIFH Excel Al
Surfer 8.0 AT X b2 52216, KA SPSS 19 4tit
TR B AT 22 e B RS (Mann-Whitney U
I IVEFECAAEAIEZERI S, 0=0.05)
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b. Relationship between wind erosion intensity and average maximum wind
velocity
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Fig.2 Variation of wind erosion intensity and its relationship with
average maximum wind velocity in each monitoring plot

AR IEAR B E 1 a IEIIHA, 3 AN X s
S 2 MKAE, 2 RIfE 4—5 ART10—11 A, 4—5 A
(T35 Rl R R B K, 203k 11.54x107, 21.11x107 Al
9.35x107 kg/(m*d) (F 2) , F Ui oA W BLE
IS TATBE o Fl T S H AR Ak i 2 vl %0, A4 XU
JE10—11 AKX T 4—5 A, 10—11 AR plibi 51 5
Wk 2.96x10°, 7.03x107° F1 2.29x107 kg/(m*d) (£ 2) ,
4—5 FHT-3 KUk 5 2 1 a ob Ut B A5 ) 2~3 1%
AN 1 P38 R Ay A AR B AIK, ~F-340 e/ KUl
SRIZ SN A 1.8x10™, 5.9x107* Fl1 2.5x107* kg/(m*d), 4FEHx
KA /N FEAR ZE 8K, 7 50~100 £ 7] (£ 2) .
3 AN D DX 5 I ] % A AR A B8 R 0 4 XL A A A
A2, FL R 5 B 90 38 T 35 A K R 448 o 2 e 4
HHIOCR, WK 2b FR.
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Table 2 Wind erosion intensity and amount for each plot

A

15 Wind erosion intensity/(10~ kg'm™>-d™) AN
Monitoring area Ik /) P34 Average v‘;ﬁgf;?/il;n
Max  Min |—12f 10—11  4—5
R 21.64 0.18 4.99 2.96 11.54 124.76
Downstream
hi
Middle reaches 27.18  0.59 8.67 7.03 21.11 216.71
F- i 14.64 0.25 3.15 2.29 9.35 78.81
Upper reaches
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Fig.3 Cumulative wind erosion amount in monitoring plots
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AT, %R BRI AR LR 2 A i, (bR
AR SE I, PN Az (B XU RER,  ERL I A R
BERTAETHKF; 12 AZERGE3 B, % —H#AE0 C
LR, HRIEAE THRERE, I RRAC, AN S
FEAER; BT 4—5 A, WS ERRITE, E5E 0 C k
AR, RIS IR MR A, A () B XU EU B
AR, SPIKERETE 2 AN BaAs R R 2 1+,
PERFEL RSN A IA B A4 T34 7K1 2~3 £if
PL b o R MR X R0 KUk f N () AR AR, T Al 5+
AL 5 X5 28 T sk XUl N B Ve S IR e v B 4B
FEZE (60.44%) >HKZE (18.22%) >HZ (15.75%) >X 7
(5.59%) .

2.2 XUih5RE 7S 8 T LAHE

tH 7 ZE5r BT el i, Vi o it R i B B 3 22
. (P<0.05) , by b R B2 EL A Bt 2 22
(P<0.01) , _byAn R im0 2 3 2= % (P>0.05) .
XA Rl B R0 SR AR KU (3R 2 AL 3D, i
VA TRV X e B BRI R YT R X ) 2~3
ff s TR R REREE, it NUE 1.5 4%, 2 B
2 £ MR AR RN ABIER S, TR R 3 A%, a2 b
el 2 5o A2, T AU FE E A AR I R BEAR 24K
T B f3ER 2 P /DX RRAE, AT B
U 3 LA R oA AN g R S RE A A
I [E] N ARl &K /N ) 20 5ok 1149.75. 3 164.55 Fl
1 821.35 t/(km*a). H1R 12 0lo5 % 4> bruE R m] 40,
2 KRR 200~2 500 t/(kmPa) it XU 5 2 5 A i
FE s 2GR ECh 2 500~5 000 t/(km*a) s, XUk JE 2%
SR T RE o DRI DKL S A S VDX e T v R R
B e 8 VA AR DR B VAT R PR ST D X e T A R
AR B0/ DRV ESORT K FL St 3 B T T T AR T
ik B35 Ml TE 4 A A XU R B %) VAT S e v Dk Bl
i, R e RV AR AR BN 5.95 Mt, 7 3 A
I DX AR TR 29.97 % EAT SRV BBl A
8.74 Mt, v WX\ 1] 44.03%; B{IAIEg /5 AT J X 2
FUXE 5.16 Mt, 7 5 XUl 26.00%

Al T4 75 #2 (wind erosion prediction system,
WEPS) g KUk Z M K74 0y 7 282 JK3C, BB, T4,
YEMD. S AR ke R L S XA [R] b R XUl
5 JE 7 S R A7 B AR T kM s, g AUk T o
RO S R A IR A MRS AT ) R L
FIH 7 R & P, L HeoRsb 420 Y 0.05~0.75 mm
ISk Gl o P8, fHR 3 ISR AR A T R S,
Ui M N AR sk SR T A B =, N 94.95%, B
R Uit A i RORL 5 R 62.18%F1 44.51%. HHIE]
3RIER 3 A4, 3 AR/ RABUR R > T
s A kot R B A > B R, BUARR
RPN SRR TR VA==~ 4 Nl PO (S N S

D, NP K+ By, 20 i BB K+ B
Hh i Y LBV S N D PN, (E S/ DXCnT i
KRR 2 TR, SEOAE TR T . X ]
XEF 3 AN I /N, R AR 5 o D R 1)
SEMAZR, 2] PO & AR N, Ak R EORE R I
PR R

®3 BENNXEENZERESH

Table 3 Mass fraction of soil particles in monitoring plots
%

X

L >0.7mm 0.05~0.7mm 0.05~0.002 mm <0.002 mm
Monitoring area

(3
Upper reaches
rhiie
Middle reaches
T

Downstream

0.69 62.18 29.48 7.64

0.52 94.95 3.05 1.48

0.41 44.51 41.09 13.99
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WG RIS, PR AR BRI, AR B T R LR
WA R T A2 IR, MR B A R ARk AR A D 15
FRANAT b ic S5 M 2 1) B B R 58 ARG (92, RA Surfer
8.0 £:7H 2013 42 6 H—2014 4£ 5 A+ KLz %
FNVA i EAT TR B X R A (4D

ghi i A mhsR AL B (B 2) AT, 2013 £ 6—8 H
AR B A R A B AL (P>0.05) 5 HbRAA B Ty
KE T AR, HREMREH 0.56 cm /NN
0.47 cm, Ui B KGR EE AN, KU ERT N 3R AR
2% N8 27 HE 10 A 11 H, MEI/NX Hh 2 F-3)
e B8 R AR JE FE AR, KUk 5 B R R AR L AR AL
(P>0.05) o FEATFVPIIX AR E) X 8.8~12 m/s ', h
XA, fE6—10 H, ~FHRGEN TR HIE R B
L AR AR R I 4c R0 4d WA, AE 10—11
KUl 8 R A s N, MR A, R AR
JERIME BER IR, IX S KGRI IS A OGN 11—
A4 H, K 4d Rl de nT %0, W0 /IN DX Hb 3 AR 5 48 n
0.91 cm, XETIEHT 3. 4 HoRERE I, ik
MR MR, (R ZHE AR, I, FEuh
& Rk HE R R BN R B, A b g S RS AR B K
s AE4—5 B, KRB0, KU 30
(P<0.05) , HWFREAREE. BJE bz F K. HEl k-
SIMTRIAN, KGN R A Wi AT AR, R
NI, KROVE R N A A SR AR S (a1 A
K, ARG . i TR AR T Sy N
LRTEARDC, DRl U b FR: P8 R PR i 1) 5% R AT
RERL, R IS R 5 B XL ok o FEE 4 2 2 e
(P<0.05) , WiE s from. T RALWE T ROKE AR 1A
X, FRKERT 6—8 H, FEsmRIEH T M3 A
FEC AR S R 18 ks A7 ) T K b i & AR, sk K ik T
L AR .
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Note: Positive and negative values indicate surface cumulative height caused by wind erosion and wind erosion depth in soil, respectively.
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Fig.4 Spatiotemporal variation of surface morphology in monitoring plot of middle reaches
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Fig.5 Relationship between wind erosion intensity and surface
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etk o AE ROKATEAZ BIIX [ PR B SIEVA I, 1a X
hhiBe ) 34.45%% T 4—5 H, i 4 5 18.39%EY,
52 AL, AR L 5 1l D R i 3 2 4 AR T A B A
KlEEE 1 60% L FEETAE 4—5 H, R AE 2 iR & 2
WC B A R, X B IR KU, gk 2D XS ] T e 0 DR
HATRRE o

T RALI 3 kb KU (1 2 () 2 S A2 i b 1 0
PR AT A 5% o AT 5 V0 I8 DX A WL TR [ 5 A 5 et
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by AP KRR B A N PSR K ST R AT
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pA - A1) PR TR S PN B N g P R T T8
ANT I, TR AR SRR 2 R R KT T, X
FERPN 4—5 A AR SRR 45k, ik 14y
A A B 5 1852 Rk, TR 6—8 A 12—2 Hi T
RAEY G, WO T MR BTk, DR 3 g /s IRVl
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2) A RAL LA SV R A R R, B e RRVA AR X
BT R PRSP SR DX R AR S RV, 3 b TR AR AT XUk
B0k 8.74. 5.95 F15.16 Mt, MDA BT & HLAs 43 )
h 44.03%- 29.97%F1 26.00%; 3) AL SRR A
J5 ) FEE R IR g ), R A MER— Rk —HE
Fo— TR HER, b D FR P55 Bl AL e 5 3 m 2 P e 4
# (R*=0.78, P<0.05) , KR EAEAG —EME
THRETT o IR AR R 2T FEAT TV D KD B v i Tt T
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Spatiotemporal variation of wind erosion intensity in region of Ten Small
Tributaries in Inner Monglia branch of Yellow River

123% Zhang Yang?, Ma Bo', Zhang Letao®, Xiao Junbo®

Sun Baoyang!, Li Zhanbin

(1. State Key Laboratory of Soil Erosion and Dry-land Farming on the Loess Plateau, Institute of Soil and Water Conservation, Northwest A
& F University, Yangling 712100, China; 2. Key Laboratory of Northwest Water Resources and Environment Ecology of Ministry of

Education, Xi'an University of Technology, Xi’an 710048, China; 3. Institute of Soil and Water Conservation, Chinese Academy of Sciences

and Ministry of Water Resources, Yangling 712100, China)

Abstract: Wind erosion is widespread in arid and semiarid regions around the world and it has been considered as a serious
environmental threat that leads to change in global biochemical cycles, decline in agricultural productivity, and contributes to
climate change. Aeolian erosion provides abundant eroded sediments for channel sediments delivery in the ten small tributaries.
In order to reveal the mechnism of wind erosion in the region of ten small tributaries, three plots were established in
Dongliugou watershed of the ten small tributaries in Inner Mongolia. The first monitoring plot (40°1828"N, 110°30'57"E) was
located in the criss-cross region of farmland and moving dune, the second monitoring plot (40°09'52"” N, 110°28'5" E) was
located in moving dune and the third monitoring plot (40°04'19” N, 110°28'17" E) was located in the criss-cross region of
fixed and moving dune. The amounts of wind erosion and the change of surface shape were monitored by the method of pins
measurement for 1 year. Combining the local meteorological data with the monitoring data, spatial and temporal variation of
wind erosion intensity was analyzed by using the technologies of ArcGIS and Surface 8.0. The results showed that: 1) The
average intensity of wind erosion from the plots during the months from April to May in 2014 were 11.54x107, 21.11x107,
and 9.35x107 kg/(m*-d), respectively, and that from October to November in 2013 were 2.96x107, 7.03x10~ and 2.29x107
kg/(m?d), respectively. The intensity of wind erosion from April to May was 2-3 times stronger than the annual average
intensity. The intensity of wind erosion was exponentially related with the maximum wind velocity in the study area. Based on
the temporal variation of cumulative wind erosion of the monitoring plots, the proportion of sediments into Yellow River
through wind erosion was 60.44% (spring)> 18.22% (autumn)> 15.75% (summer)> 5.59% (winter) in the region of ten small
tributaries; 2) The wind erosion modulus of 3 monitoring plots were 1149.75, 1821.35 and 3164.55 t/(km*-a), respectively. The
contents of erodible particles was 94.95% (midstream)> 62.18% (upstream)> 44.51% (downstream), thus the amounts of wind
erosion of middle reaches (216.71 kg) were significantly higher than upper reaches (78.81 kg) and downstream (124.76 kg) in
the region of ten small tributaries. In this study, the amounts of wind erosion of downstream were significantly higher than
upstream although the contents of erodible particles in upper reaches were more than downstream. It was caused by land use
patterns and human disturbance; 3) The area of Kubugi desert was moderate wind erosion, the region of Loess hilly and gully
and the South Bank of the Yellow River alluvial plain area were mild wind erosion. It’s estimated that the three surface
cumulative amounts of wind erosion were 8.74, 5.95 and 5.16 Mt, the proportion of sand blown by the wind into the Yellow
were account for 44.03%, 29.97% and 26.00%; 4) The main direction of wind erosion was from northwest to southeast, and the
process of wind erosion was accumulation, erosion, passage, and then deposition. The surface amplitude of midstream was
significantly increased from April to May and form October to November, but hardly changed in the other months. Surface
amplitude was linearly correlated with intensity of wind erosion (R*=0.78, P<0.05). Wind erosion has the ability to restore
surface. The study may provide evidences for preventing increasing sediments for the river channel from the region of the ten
small tributaries and to formulate reasonable soil and water conservation measures.

Keywords: erosion; wind; soils; wind erosion intensity; spatial and temporal variation; pattern change
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