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Surface sand-laden wind movement on fluvial aggradations sandy land and use of
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Abstract: Wind erosion, which occurs in arid, semiarid and sub-humid areas, is a critical process in land desertification and soil
degradation and causes a global environmental problem. Sand-laden wind is particularly an ecological, environment problem faced
in Beijing and surrounding regions. Previous studies report the processes and mechanisms of wind erosion, such as sand moving
characteristics, sand-laden wind blowing and impacts of wind erosion; contributing factors of wind erosion; blowing mode and
pattern of sand-laden wind; the profiles of blown field and blown sand flux, soil erodibility, variation in sand-transporting ratio,
and the mechanism of sand-preventing engineering. )

Based on a previous study of evolution of fluvial aggradations sand, Yongding River sand land, we chose typical land-use

types: field land, barren grasslands, drifting sand land, forest belt, pear orchard and patch forest, in which experiments were
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undertaken. Following close observations at selected sites and quantitative analysis, we studied the surface sand-laden wind
movement and the possible measurements to control sand-laden wind by vegetation and plantation. The scenarios include: D
Observation of sand-laden wind blow at 0 — 20 cm of height; @ Observation of wind velocity gradients at different altitudes: 2.0
m, 1.5m, 1.0 m, 0.5 m, and 0.2 m; @ Observation of roughness at different ground covers; @ Analysis of sand particle sizes
at depths of 0 — 10 ¢cm; ® Evaluation of wind-breaking efficiency using different types of artificial vegetation; ® Analysis of
eefficiency of preventing sand movement using different types of artificial vegetation.

Results of sand-laden wind movement experiments on different land uses showed that wind velocity of near-surface layer
increased with altitudes, with the near ground wind velocity and altitude following the logarithm distribution. There were significant
differences in friction velocities and thresholds of the wind speed in different land use types. A negative exponential relation existed
between the sediment discharge percent and the altitudes (ranging from 0 — 20 cm) . There was a significant exponential relation
between sediment transport concentration and wind velocity . Experiments of wind breaking and sand preventing using artificial
vegetation indicated that: @ Patch forest was the_ most effective when it is about 1 — 10 H from windward side, with a protective
ratio of 22.0% ; pear orchard was the most effective in 1 —7 H from windward side, with a protective ratio of 68.8% ; and forest
belt was the most effective in 1 — 20 H from leeward side, with a protective ratio of 32.0% . @ The order of the three types of
anificial vegetation on sand prevention was forest belt < patch forest < pear orchard. ® Differences in compositions of vegetation
led to the varying effectiveness of wind control and sand prevention using artificial vegetation associated with spatial structures and
disparate distribution patterns of accumulated sand geometry.

Further study will consider the possible mechanisms of wind erosion of heterogeneous landscapes and interactions with a range
of contributing factors that have not been examined.

Key words: fluvial aggradations sand; sand-laden wind movement; artificial vegetation; mechanisms of prevention and control
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Q)NEW RERBEMSAET T, FTEEFEN R E (Setaria viridis) . 5 B ( Digitaria sangurinalis )
R B % ( Chloric virgata) , FYIBBER 5 ~ 10em, 5370 L 50, E W HETE 26% ~35% 2 18] TEFCE b b4
BEBN 2m x 2m BRI/ 3 4,10 WINR BT H1E

ORBFES EAEAVPBAFEREE —EWNREYE, EEEMHE MR (Setaria viridis) B B
( Digitaria sangurinalis) . & B ¥ ( Chloric virgata ) , BIERD N, P EE N S~ 10em BEEE % ~ 12%. Fib
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2m BRI X 34,10 YU B O 4 '

ARV HHERESFAFEN,DERE, D1 -F T A B E (Searia vindis) . 5 EE
( Digitaria sangurinalis ) \ J2J& Y5 ( Chloric virgata ) b X ( Agriophyllum squarrosum) , ¥ 7 JE4E Sem £ 74, FHH %
BEESHPUT. WEADRRSIER, FRFREY, BSELHT R, FERSIWHB A REFN 2m x
2m BIRB/PEK 34,10 R BB FHE,

(5)R M BR R E A ( Populus tomentosa carr.) 1< 240m, 3 125m,22 &4, SEHR B 18m, BRITHE 4m x
4mo AT FIHEE 2. 7m, B, R4 N b T BT 35 4 3 B2 o0 M0 B 2 ( Setaria viridis ) , W39 35 B 30% , B W45
MATEEEWERTERZ M,

(O )MH MHEHEAB( Populus tomentosa ) 5§48 ( Robinia pseudoacacis ) IR CERBE R, H R 500m, R
55 20m, R BRATEE S 6m x 6m, I IEH 0.25m, B TEIE N 5.42m x 4.58m, FIHE 20m,20 G4, HlH
BRATEER 3m x 4m, FIMLEHBIEZHR 0. 1m, FHHEIEHN 3.75m x 3.3m, FHIWE 15m,15 £, BIAHEEY
BT 2.5m,B&EN0.45, B FHKEM. .

(NERE RS R (Pernulo ) RVGE B, 210m, 58 140m, 12 4 , LM E 4m, B FTEE 5m x 5m,
- 508 3m x 3. 2m, FEIMAE 0.15 m, FHIB T 0.3m, BERREK 0.6, K TR L, REHINEE—
B R  RF N E BT, AT 6m x 6m, W 19.6 m, FEIRE T & 3.4m, THEIEN 4.24m x 4.93m, B
BENO24,BTETEM,
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() B7 RE 2 RGEI  RGE VLI 3 A0 M B A0 ARGE B B P B 4 b, AR 7E 10 KU 10HSH.
3H.1H 4 & R 1H.3H.5H.7H,10H,15H . 20H 4t ; 34 [ A1 A AR BE 0 KA 1H.3H.SH,10H Ab; (H A E
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(MHEFEHE B = Aﬂ x 100% RH,A ARGHGEEELHREEER, « AREREELERE

R, BYRARERREASNAL G, AERLEREHETLE, TEE MRS ERUBANEEE
3 SERS54H
3.1 EHRRYE SR
3.1.1  E BT KR R ST

(DREFEEFT AR | PE W, EKE £1 FEATRELESE 2m ARBHE(ns™")
BRSO N TN, 5 2 /8t KGEBE S F4p A5 Table1 Near-surface layer wind velocity gradient of different types of
RS AR, EUEF B FEATRER Lo

N . _ THEER AR E Altitudes
E%EE‘J%%W&,ﬁﬁﬂ%ﬁﬁ?ﬁ%ﬁ%-)ﬁ*?ﬁ( Ground cover type 2.0m 1.5m 1.0m 0.5m 0.2m
BUFE, XITEHPELORES G HTBIIARGES B Arble land 4.8 4.36 3.86 3.22 2.72

N B FE ¥ Sparse wild grass land 7.76 7.16 6.06 5.37 4.87

(nl S
R RENREBREESHER, v =575 x u X guy v grass land 6.9 6.40 5.50 4.28 2.80
3 ¥ # Drifting sand land 5.93 5.33 4.83 4.50 4.10

g2 + u, BAH BRI MR RHAREERKT 90%,

BREAZEATBEEFHEARERERASNEREZRNXR. DATBOFERR, RRE&MHER
BEMLEAR, RERIN, EMRRERZMAL, AR RE, X RGE 8% 062 E WA R, H R /N
R FEE# > MBI E L > it > M , AT RER 5 LR S WA FIR B 6 KB AR R
BEHME

R2 TRATEELAVAME 2m ARESTERATR

Table 2 Regression equation between altitude and wind velocity of near-surface layer in different types of ground cover

TH#HE IR Ground cover type B V=1 ey 48 7 12 Re;gl&sion equation #83% Z # correlation coefficient
3t Arable land y = 0.9069In(x) + 4.0224 R?=0.9572
LT E M Sparse wild grass land y=1.2375In(x) + 6.542 R? =0.901
FE & Hh Wild grass land y=1.7913In(x) + 5.6073 R* =0.9971
W B Drifting sand land y=0.7294In(x) + 5.1136 R? =0.892

QEEEEMT RIMEHE 2m WAREEEHEERX LR NFATLUE S, AEREELSE 2m
W 4 TP RIS B A B HE B B A S R R ok, KK R BB R Bl s i, FEREANTKE
Ho ST T SR A RN T KM Z BB ATRE R, SE R KMAE A EER, MAERBH TR
T X 35 0B MR AR XS F I 8 R R /b, EERB O~ 2m WEERE L, A MLRE
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Table 3 Friction wind velocity of near-surface layer in different types of ground cover
7 [ 86 BE X2 B BEL 2K /& Friction wind velocity

TH#E XA Ground cover type

2.0-1.5m 1.5~1.0m 1.0~0.5m 0.5~0.2m
#i#h Arable land - 0.6960 0.4938 0.4622 0.2185
BN E L Sparse wild grass land 1.0864 0.8352 0.7510 0.3933
FeH 3 Wild grass land 0.6960 0.8889 0.7510 0.9178
3 Y # Drifting sand land 0.6960 0.4938 0.2311 0.1748

3.1.2 EHUE R RAFE

MBRVBRE MERITEY, ELEEKEE 1.0% ~ 1.26% TEE AN, K FF 2R T 505 N HE D
R B ERE, BYREXR/NFF R FRE > P > BHE K ES > Kaph, KERETERRESLE —E
HERHE RMEBEENEK, TUUHRSRBLEE. PERFREGEBSHEAERB ILREFRES,
B LA, FE R b (30 % ) B9FE U IV O 5 K5 #6120 B 6 o e L S/ BB B3 47 b T ) JRE 7 1 R LA R 8 U o 4
NERERR, HEV KA/ BEREBE D XE/NFH, Ra D RERE, ORI, DREH
W, WERARE , FURME AR, RR Y K& A",

F4 TEHILBFALBEDRELETR
Table 4 Thresholds of wind velocity of different land-use types

L ES 2m PR AE (mes™) YRR (mm) 0~ 10em A &1k (%) EE N
Ground cover type Threshold of wind velocity Sand particle size Water content Incipient motion

i 30 ¥ #b. Drifting sand land 4.39 0.10~0.25 1.00 ®’a

B Sparse wild grass land 49 0.10~0.25 ' 1.10 W

#hit Arable land 5.1 0.10~0.25 1.21 ) R’

F B3 Wild grass land 6.73 0.10~0.25 1.26 R

QBVEEEEASFAIFE MNESTUBE, %5 @ARETETREEIREO~20m RS ENSRETEY
ERMEMBVREAMESERMERRO R, £ ELHE » o o
A B R T 4 T B AR R 4 0 B I SRR g, o0t S Cherscteities of reltive wind-sand contents n different types

R | . R of ground cover to 0 ~ 20cm at the same velocity
S 2 R A 25 8] b 5 A R BE A M0 O ~ Gom TR REE TR

%E Wﬁ}fﬁ% T ﬁ%ﬁﬁm@’é}%o I“E 0~2cm W s ‘Zﬁ Relative rates of Lra;)sponing sands in different
. f5 Y PN b BB (em) types of ground cover
UM RS SR 0000 TREEE T e
B BB ESLNADESIINSERVDER Drifting Amble  Spasewild  Wild grass
43.10% \34.46 % 1 37.40% , 3X 3480 R 10 I 522 — AN 0 5"“3" :)9‘* “‘“:6 5r::5 fand fand
0~2 43. 34. .10 37.40
ﬁi&%m@ﬁ%ﬁ%ﬁﬁiﬁﬁﬁo EE:J:TQE'&&B"J 2~4 24 .41 19.38 23.40 20.10
ERH . BHHERDEEMWAE 0~ 20em & F N B 4~6 11.97 12.24 12.60 15.50
MEBAA™, BERBPGEERETRERR 0 - . -
VUGS, BT H 55 B A R 1R B MR B, A B B 10~ 12 2.86 6.14 3.30 4.50
BRI EERNE, 12~14 2.21 4.32 2.00 3.28
14~16 1.44 4.08 1.40 2.95

FOFLE 4 ML EM B WA 0~ 20em B 4515 1.20 2.00 0.90 1.23
FRBUVEASLERE y(em) BRAH L REL A 18~20 0.9 1.02 0.60 0.60
X RBETE 90% L b, NI 0 T Wi a9 23 1) L o Rk e,
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#6 HEARETAR TATMO~20cm EHEZDR(% )'—"JEEEI_LEUJ‘E
Table 6 Regression equation between 0~ 20 cm of altitudes and intensity sand flux in different types of ground cover at the same wind velocity

TFTHEER Ground cover type [5] Y3 7 # Regression equation X R Correlation coefficient
# b Arable land y= -13.494In(x) + 39.735 R?=0.95
B TEH Sparse wild grass land y= -17.827In(x) + 49.282 R?=0.922
FHH# Wild grass land y= -4.7158ln(x) + 18.905 R?*=0.9738
MWK Drifting sand land y= -17.872(x) + 49.383 R =0.9129
GIRESHMOPEXRFR RTIATUEFDL GOR ®7 TRATRERBSHSRXR

%B%E mﬁﬂ‘]ﬁﬂﬂﬁﬁﬁﬁﬂ , ﬁﬁ@ﬁ'—ﬁmﬁzrﬂ%i % Table 7 Relation between wind velocity and intensity of sand flux in

—4 — Il 5 different types of ground cover
KRR, ARTRERHERAR, 2B U R e SR¥E prreT

B‘Ji%ftIPEE&EK [ﬂ H@o %’{mﬁ};& Tm* s_ligjﬁﬁj 8 Ground cover type Regression equation Correlation coefficient

mes™ B, VB WM Y H A F AR PR, iy P8 Arble lnd PEIOSE R-0.006
W Sparse wild 6 ,.4.6842 2

WEREK 1.0032 45, BB 0.9370 15, MAFEEH e 1and y=Tx10x R =088

RN 0.8477 /%5, T E ML HE AN 0.8419 £%, TR E MY  FHEH Wild grass land y =4 x 108 549 R =0.966
BN R BN K B B 1A, s R Do Drfingedland o7 I0PTH R 0.9767

S B K P Y Rk,

3.2 FEBERE R K ER .

3.2.1 ATHBEEBKENKE FT8ATH, KGR E N 1m B, K TE IH LB H% I0HEEAHRE
HIBS RBKEEN 12% ; TEM A BE KRS 1 ~ THIE B R BB KB BB 68.8% ; £ ¥ XU 1 ~ 20H 78 B A B9 B XL
BEEN 23.6%, HTHEMMBTAKAEE, BRAEE/N, MET BB, W #8 A FL4 ERF L, Bt 78
RE HREHEM . K255 U H A, 48 57 A vt XU BEBELFE L R T XU KBB4 B 2R L AU D i
Rt AR, B EHEAR T XE; 5 — B XNZ A EWHEESE AT, EATE L BRI X T 3R X EE
EHEBEER.

#£8 HEBHRKMEE
Table 8 Wind-breaking efficiency of pear orchard(m-s™')

MEaRE UREECRgRE BREE  gamarsgRg  BRAKE R B R R PR e

Open Wind velocity windward ~ Prol€ctive  Velocity in pear orchard ~ Protective Wind velocity leeward Protective

R efficiency efficiency efficiency
veloely  yg+ 3H  SH 10H  (g) IH 3H SH 7H (%) IH 3H SH 7H 10H ISH 20H (g)
3.3 25 29 3 35 12 09 1.1 1.2 1 6.8 1.7 1.8 2.2 2.7 2.9 3.2 3.3 23.6

% H: B35 Anediagehight of trees; T [ the same below

% 9 I, KGR IR B BE 4 Lm B, 30 RUETBE 00 L% 1 ~ LOH 765 P9 54 I A9 7 KU BE 20 19.3.% , 7675 KU
BB R 1 ~ 20H 5 E 9 B KR BE R 32% o — 5 T AR B T 9 B 45 H , KU 4R 32 B bR 9 BH 24 70 B 2 1
AL ERAKHSSEARLEETHA,HEFEHT, EET IR BHEFET &, BUEXNEREKL, Firk
HRF 2.5m A TEHGRBE R, S B U5 5 A B35 BE 3 00 , BB M AR R T IR DB AT 18, 5 I KL o B
TEMHF RE 3~ 7THIEE M.

M 10 BT 4, KUGE I & B 0 Lm B, 30 XU BE 0 U2k 1 ~ 10H 35 B P9 A4 [ (9 B UK BE K 22% ; ZTEAR IR BE
MRS 1 ~TH LB A BE RBERE R 53% ;78 & RUE FE S X 4% 1 ~ 20H 7S Bl A M B U BE D 28.2% « A Ak
WEARE AN TFEFEHESREEMZAE,, WA, AR ERK, I 5 R R B (20m) B & A R
B K, AR 7= A 3 SR B B 3P 3R o

ME 8. FRIME 10T 3 HHEBARBURKLHHNREARAR. XFTERHEFOSEHREAES
FATBIARAY o X PRI U 4T b3, 76 300 XU T BE 30 KL% 1 ~ 10H 38 B P9 7 AR 1% B U BB B R 22 9% 5 TEAK
PR D KRS 1 ~ TH 75 BBl Py BB B Rk BB 13 K 68.8% ; 76 3 IRBE H KL4% 1 ~ 20H T8 Bl P9 Ak B MUK BB &t K
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Table 9 Wind-breaking efficiency of forest belt(m*s™"')
R 360 R TR BE 5 XL % (XL Bl UK RE DL BE XU KL B KUK B8
0‘ oo Wind velocity windward Protective Wind velocity leeward Protective
pen velocity 1H 3H SH 10H efficiency( % ) IH  3H 5H 7H 10H 15H 20H efficiency (%)
4.28 3.1 3.4 35 3.8 19.3 28 1.9 25 26 33 35 3.7 32
F10 RHBRRBAE
Table 10 Wind-breaking efficiency of patch forest{m-s™')
AREEARGRE  THEE gpxnmapkgRe  TRME 7 B % AL R by R o
MEAKE  wing velocity windward Pratective Velocity in forest Protective Wind velocity leeward Protective
Open efficiency efficiency efficiency
vlocty 1H 3 SH 10H (g) IH 3H SH 7H () IH 3H SH 7TH 10H ISH 20H (g)
3.8 2.6 2.7 3 3.4 22 2.2 2.1 1.6 1.2 53 1.2 2 23 2.4 2'6, 2.8 3.6 28.2
3.2.2 ATHBERBHEMRDHE BHi1-~-E3M 2
55
F 11 WML R, EREWRE 3H 4 FF 56 L BA TE 6
MY, MEEAE, B RSB, I HERERT S K s :
=
MR, & GUFRN 0.4% . ERENBEAHL 2
HANBRURZHFHES AT, HBAVE S BHY Y Bo L L1 iy
55: PE®S Distance (H)

39.6% , KA S MR BERR Y 545, FEHH
MARE I HAFHRERIFEEARERSEEY
6.9% , BEENFRUEEH MK BR, EMHREHE X
H3HARYEBEL, S BEN 2.3% A5, AN
HOBE 7D B R D AR B E B R A A 7 AR 0 R TE A R
HARANEE S, AREEXNENEDER K, FAED
NHEIHZ&FEEREDIRR,BXE 1~ 10HEEA
TR S SREMN 12.9%, MEBREEMRERR
B k. #AKGAS HHNEBAERITERERKX
KR, FERARPEEAREZ 1 ~SHHNERA, RYE
HIAHEEXNENEROZES B, 55BN 87%, 3
HAEAEYENRD TR NEERR, FESHEN
A, FAMFHAR T LUK TE A — M E
BB HUAR B A A Lt G OR B XD I S R TTRE
R11 TEEBEABBIINE

Table 11  Sand-preventing efficiency by different types of vegetation
i o o
HRE & O & R HRE S FEY L

AR Js§is Inward B Amount of sand
Vegetation type Windward (%) Leeward prevented
(%) (%) (mm/m? )
BUH Pear orchard  60.4 39.6 — 3.6
Ji #k Patch forest 2.9 87.1 - 2.8
A Forest belt 6.9 10.8 82.3 1.9

B FEEY RS ERE

Fig.1 Distribution of sand accumulation in pear orchard
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Fig.2 Distribution of sand accumulation in forest belt
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Fig.3 Distribution of sand accumulation in patch forest

3R ATHEBAE YRS R/NRFR R > AMk > Wi, EALEN 3 MERME DB PEL
AR, RABEREAFENEMB O EERR, X SHBERRR LSRG AREABEINXR, SHEE



93 ETRES 55w AU R U0 i R ot R R Bl R o R —— LA b B K R T D 2955

FEL 7030 3 4 K /DN 45 R0 915 B P ) 87 X3 i R /N TR P — B
4 Zr5ite

(DEHEREFEE S E R, RS ERAM B e FEaEREREREN T A
BOXHUMEFRREER T RELEF B R ENAERNS , AR TRERERALENMNKFRFRED >
MBI E b > A > W Wit AN T 2 i R 5 B0 B R BE SRS B K /R
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