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Abstract: T h is invest iga t ion w as conducted to est im ate sand dune movem en t in Yu lin and J inb ian areas of

no rthern Shaanx i P rovince, Ch ina. R esu lts ind ica te that to ta l sand movem en t has been 24. 433, 21. 147 m et2
ric ton s fo r Yu lin and J inb ian, respect ively. T he m ean sand dune movem en t equates to a ra te of 4. 61 and

3. 99m per year, bu t average mon th ly sand dune movem en t ra tes w ere 1. 152 and 0. 997m fo r the tw o loca2
t ion s respect ively. T he ra tes of movem en t occu rred in Ju l. fo llow ed by Jun. , A ug. and Sep. . R ates of move2
m en t depend on w ind velocity, dune heigh t, and dune length and slope ra t io. T he study reveals that cu lt iva t2
ed lands ex tended ob liquely to the direct ion of sand dune movem en t are ex trem ely affected severely by the

movem en t, w h ile cu lt iva ted land segm en ts ex tending para llel to the direct ion of movem en t are no t affected.

Keywords: sand dunes m ovem en t; wind erosion; desertif ica tion; North Shaanx i Prov ince of Ch ina

中国陕西省北部地区沙丘运动评估
穆斯塔克·达力伯·贾巴·阿- 特米米1, 袁林2, 孙冬英2
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摘　要: 对中国陕西省北部地区的榆林和靖边地区沙丘运动进行了评估。结果表明榆林和靖边地区总移动沙堆

分别达 24. 433 和 21. 147 t。平均沙丘移动速率分别为 4. 61m 和 3. 99m , 而每月沙丘在榆林和靖边分别前进 1.

152 m 和 0. 997 m。受影响最大的月份是 6 月份, 接下来的是 7—9 月份。沙丘运动依赖于风速、沙丘高度、沙丘

长度以及坡度。研究表明开垦地与沙丘方向相交时, 受到极大影响, 而与沙丘平行时, 不受影响。
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　　 Sand dune movem en t has becom e an almo st

un iversa l and ex trem ely disast rou s p rob lem in mo st

of the arid and sem i2arid reg ion s of the w o rld. Bag2
no ld [1 ] has defined sand dunes are mounds, h ill o r

ridges of w indb low n sand and sta ted that the

th resho ld w ind speed is 12～ 19 km öh. How ever,

the m echan ica l effect of t ran spo rted sand w ill in2
crease 10 t im es w hen it rises from 24 to 34m öh, and

100 t im es w hen it rises from 24 to 56 km öh. T h is

phenom enon has been studied in differen t parts of

the w o rld ( tab le 1). T h is show s that h igh speed sand

sto rm is impo rtan t fo r the fo rm at ion and movem en t

of sand dunes. How ever, local topography shou ld

be con sidered to expect dune movem en t d irect ion [2 ].

T he area of desert if ica t ion cau sed by w ind ero sion is

1. 607 m illion km 2, accoun t ing fo r 61. 3% of to ta l

area of desert if ica t ion affected land area, and is

m ain ly dist ribu ted in the arid and the sem i2arid ar2
eas[3 ]. So il w ind ero sion also is a very severe k ind of

land degradat ion. A cco rd ing to A genda 21, refer2
ring to a remo te sen sing su rvey in 1990, Ch ina’s so il

ero sion area co rresponding to 3 670 000 square k ilo2
m eters, covering abou t 38% of the to ta l land area.

A nnual so il lo ss is sa id to accoun t fo r 5 b illion ton s;

70 000 hectares of arab le land are lo st every year by

so il ero sion. A cco rd ing to the Sta te Science & T ech2
no logy Comm ission (referred to by UND P) betw een

1985 and 1994, abou t 360 000 hectares of farm land

annually have been affected by top 2so il lo ss. no rth

In Shaanx i P rovince, so il ero sion ex trem ely seriou s,
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affects 130 000 km 2 (67% of Shaanx i P rovince). So il

lo ss est im ated, 850 m illion töyear, average ero sion

ra te, 6 500 tökm 2 a year in the L oess P la teau of

Shaanx i P rovince and sedim en t concen tra t ion s in the

m iddle reaches of the Yellow R iver in Ch ina ( the

loess p la teau ) app roach 700 kgöm 3 (abou t 50% by

w eigh t) [4 ]. T he pu rpo se of th is study is to est im ate

sand dunes movem en t in the w ho le territo ry of

no rth Shaanx i P rovince in o rder to conclude their re2
la t ion w ith the cu lt iva ted areas.

Table 1　Common ly used theoretica l methods for ca lcula tion of sand dunes movemen t

R esearcher
Amount of sand expected

to move ( q )

To tal sand expected

to move ( Q )

T he advance rates

of the dunesöm

Bagno ld, 1941 q = C (d öD ) 1ö2 V 3
3 p ög Q = q 3 N C = Q öΧH

Kaw am ura, 1951 q = K (p ög ) (V 3 + V t3 ) (V 3 - V t3 ) 2 Q = q 3 N C = Q öΧH

W illiam s, 1964 q = a (p ög ) V 3 b Q = q 3 N C = Q öΧH

Kadiba, 1965 q = {〔Χg (Χ- p ) öp〕1ö2 (g d ) } 3 10- 5 Q = q 3 N C = Q öΧH

H su, 1971 q = K w 3 10- 5〔10V 3 ö(g d ö10) 1ö2〕3 Q = q 3 N C = Q öΧH

W h ite, 1979 q = 2. 61V 3
3 (1V t3 ) (1 + V 2

t3 ) (V 3
2) (p ög ) Q = q 3 N C = Q öΧH

Bo row ka, 1980 q = 2. 53 10- 6 (V ) 4. 55 Q = q 3 N C = Q öΧH

A l- Sheak, 1984 q = 0. 87090637 + 0. 5085891 (V ) M = 〔(1. 6) (200) (q) ö106öH 〕(100)

A bdulla, 1990 q = 1. 53 10- 9 (V - V t) 3 Q = q 3 N C = Q öΧH

AL - M alk i, 1995 E = I. C. K. L . V Q = I 3 C C = Q öΧH

　　 K w , a , k , C —con stan t; d —m ean grain diam 2
eter; D —standard m ean grain diam eter; p —air

specif ic w eigh t; g = 22ö7; V 3 , V t —th resho ld w ind

velocity; V —local w ind velocity; H —dune heigh t

(m ) ; N —num ber of hou rs net w ind (average m ean

of the dry period) ; I —so il erodib ility facto r; C —

clim at ic facto r; Χ—part icle den sity, being taken to

be 2. 65 (gm öcm 3) fo r the quartz.

1　D escr iption of study area

T he study area, located in the no rthern part of

Shaanx i P rovince, lies w ith in longitude 109°00′to

110°00′E and from lat itude 38°40′to 37°20′N. T he

area is 158 km long (from no rth to sou th) and 87 km

w ide (from east to w est ) and has a to ta l area of

13 746 km 2. T he area is located at a typ ica l t ran si2
t ional zone betw een the M ao W u su desert area,

w h ich is su itab le fo r livestock farm ing and an agri2
cu ltu re area, concern s abou t the desert moving

sou theastw ards. T he landfo rm is gen t le in locat ion

area, w ith elevat ion ranging from 897. 0 to 1 600m.

T he land su rface is m ain ly sandy sedim en ts of a llu2
vium and lacu strine depo sits. Sand dunes ex tend in

the area w ith sheet, lakes, river valleys and ravine

floo rs. T he landfo rm of the sandy land w ith great

eco logica l act ivity is seldom among the sand area of

Ch ina. T he area fa ll in arid and sem i2arid con t inen2
ta l mon soon clim ate zone. T he m ean annual p recip i2
ta t ion is 250～ 433mm , the m ean annual w ind veloc2
ity is 2. 4～ 3. 3 m ös, and the days w ith gale w ind

are 15～ 33 days w ith a m ax im um of 77 days.

2　M ethodology

2. 1　Prepara tion and sam pl ing

R ep resen ta t ive dune sand samp les w ere co llect2
ed from Yu lin and J inb ian areas. Som e physica l and

chem ical p ropert ies of the invest iga ted sand dune are

p resen ted in tab le 2 by the p rocedu res of B lack et

a l. [5 ]. T he dry sieving analysis has been done to ob2
ta in the common grain sizes. V alue fo r average w ind

velocity and ra infa ll da ta w ere ob ta ined fo r the in2
vest iga ted locat ion acco rd ing to info rm at ion reco rd2
ed du ring the period 1987- 1999 from Yu lin clim at ic

sta t ion, mon th s start from June to Sep tem ber each

year.

2. 2　Ca lcula tion of da ta

Calcu la t ion of sand dunes movem en t w as done

acco rd ing to the m ethod from Bagno ld equat ion [6 ] as

fo llow s:

( 1 ) T h resho ld w ind velocity ( V t ) fo r dune

sand w as calcu la ted as by Bagno ld’s equat ion [7 ]:

V t = 680 d lg
30
d

(1)
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w here: V t —the th resho ld w ind velocity (cm ·s- 1) ;

d —the m ean grain diam eter (cm ).

(2) T he amoun t of sand expected to move ( q )

〔tonö(m ·h)〕is ob ta ined by the fo llow ing equat ion

of Bagno ld [7 ]:

q = 1. 5 × 10- 9 (V - V t) 3 (2)

W here: V —the local w ind velocity (cm · s- 1 ) fo r

the study period.

(3) To ta l sand expected to move in the con sid2
ered period ( Q , m etric ton ) w as calcu la ted as fo l2
low :

Q = q ×N (3)

W here: N —the num ber of hou rs net w ind (average

m ean of the study period).

(4) T he advance ra tes of the dunes w ere calcu2
la ted as fo llow s:

C = Q öΧH (4)

W here: Χ—the part icle den sity w h ich has been tak2
en to be 2. 65 ( gm öcm 3 ) fo r the quartz; H —the

dune heigh t (m ).

Table 2　Some physica l and chem ica l properties

of the investigated dune sand

P ropert ies Yulin J inb ian

Sandö% 92. 49 90. 13

Siltö% 3. 37 3. 21

C layö% 4. 14 6. 66

Grain m ean diam eterömm 0. 28 0. 21

O. M ö(gm ·kg- 1) 0. 84 0. 95

CaCO 3ö(gm ·kg- 1) 215. 0 176. 0

ECö(cmo le·kg- 1) 3. 20 2. 10

pH 7. 87 7. 34

3　D iscuss ion of Results

A t th is stage of study, no rth2w esterly w ind can

dry ou t the so il su rface very fast, cau sing w ind ero2
sion and drif t ing sand over the coun try from a w ide

sou rce. T h is is a co ld w ind b low ing from no rthern

Eu rope penetra t ing in to the M ongo lia desert. T he

air in the desert becom es very un stab le, st irring up

strong w inds (as a resu lt of the m en t ioned co ld air)

a t som e p laces such as no rthern desert, so the du st

is b rough t over hundreds of k ilom eters[3 ]. T he

th resho ld w ind velocity, requ ired to move the com 2
mon dune sand gra in s (d iam eter 0. 26 mm ) , found to

be 3. 33 m ös (see equat ion 1) ; therefo re, the ra te of

movem en t of an average sand dune in m etric ton s

per m eter w idth of lane per hou r ( q ) w as 0, 0. 006,

0. 126 and 0. 429 tonö(m ·h ) of 0, 4, 6 and 8 m ös

w ind velocity, respect ively ( see equat ion 2). T hen

the values of to ta l dune sand movem en t, m etric ton

( Q ) w ere calcu la ted w ith respect to occu rrence of

no rth2w esterly w ind and q ( tab le 3). F rom the re2
su lt of theo ret ica l sand dunes movem en t calcu la ted

by Bagno ld m ethod w ere 1. 32, 1. 94, 0. 79 and 0. 56

m in June, Ju ly, A ugu st and Sep tem ber respect ively

fo r Yu lin, and 0. 95, 1. 89, 0. 72 and 0. 43 m in

June, Ju ly, A ugu st and Sep tem ber respect ively fo r

J inb ian ( tab le 4). T h is resu lt depends on w ind ve2
locity, dunes heigh t, length and slope ra t io. F igu re

1, 2, 3, and 4) show s the rela t ion sh ip s betw een ad2
vance ra te of sand dune and w ind velocity, dunes

heigh t, and length and slope ra t io respect ively.

T h is indica ted that Yu lin area is mo re affected by

w ind ero sion than J inb ian. T h is is a t t ribu ted to the

clim at ic facto r w h ich has m ain effect to move the

common dune sand gra in s, w hereas, w ind velocity

has the sam e effect in calcu la t ion the resu lts. In ad2
dit ion, sand dunes advance and sand drif t w ere

greatest fo r Ju ly fo llow ed by June, A ugu st and

Sep tem ber (F igu re 5) due to w ind velocity. Becau se

no vegeta t ion in th is period w h ich are requ ired to

slow dow n w ind velocity near so il su rface and their

shades help to keep the so il sand dune su rface

mo ist, so , so il ero sion w as enhanced and sand

dunes advance ra te as a resu lt w as increased (F igu re

2—5) [8 ].

Table 3　The amoun t of sand movemen t (Q ) of

　　　　　sand dunes at the investigated location s

L ocation
Sand movem ent, Q (m etric ton)

Jun. Ju l. A ug. Sep. To tal M ean

Yulin 6. 996 10. 282 4. 187 2. 968 24. 433 6. 108

J inb ian 5. 035 10. 017 3. 816 2. 279 21. 147 5. 286

To tal 12. 03 20. 299 8. 003 5. 247 45. 579 11. 39

M ean 6. 015 10. 149 4. 001 2. 623 22. 788 5. 697

Table 4　The advance rate (C) of sand dunes

at investigated location s

L ocation
Sand movem ent, Q (m etric ton)

Jun. Ju l. A ug. Sep. To tal M ean

Yulin 1. 32 1. 94 0. 79 0. 56 4. 61 1. 152

J inb ian 0. 95 1. 89 0. 72 0. 43 3. 99 0. 997

To tal 2. 27 3. 83 1. 51 0. 99 8. 60 2. 150

M ean 1. 13 1. 91 0. 75 0. 49 4. 30 1. 075
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　F igure 1　Relation sh ips between sand dune movemen t and

wind veloc ity for investigated location s in north-

ern Shaanx i Prov ince

　F igure 2　Relation sh ips between advance rate of sand dune

and dunes he ight for investigated location in

northern Shaanx i Prov ince

　F igure 3　Relation sh ips between advance rate of sand dune

and dunes lenght for investigated location s in

northern Shaanx i Prov ince

　F igure 4　Relation sh ips between advance rate of sand dune

and dunes slope ratio for investigated location s

in northern Shaanx i Prov ince

　 F igure 5 　 Sand dunes movemen t in the north Shaanx i

Prov ince

Yu lin areas mo re affected by sand dunes move2
m en t have trend ob lique to the direct ion of the p re2
vailing w ind than J inb ian. T here are p la in s betw een

the desert area and river such as cu lt iva ted lands in

w est Yu lin and no rth J inb ian. T hese areas are

ob lique to the no rthw est t rending w ind direct ion.

A lso ob ta ined from sand dunes movem en t resu lt,

these areas are affected by aeo lian sand that moves

from no rth to sou th over the bo rdering agricu ltu re

areas, th is resu lt agreem en t w ith CC ICCD , 1997a,

and Yang Zhongx in, 1984 [3, 9 ].

4　Conclus ion

In th is study the no rth part from Shaanx i

P rovince desert includes 90% of these sandy de2
po sits w h ich th reaten s the cu lt iva ted land in the

bo rders of the Yu lin and J inb ian areas.

(下转第 20 页)
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侵蚀研究应以地块为基本监测单元; 由于前期系统观

测资料较少, 但是池塘、坝库分布广泛, 沉积在池塘和

坝库中泥沙沉积物储藏着大量的信息, 如矿物组成、

粒径分布、孢粉组合、碳同位素比值、养分和各种核示

踪元素等对流域内不同时空尺度上的土壤侵蚀特征

都有反映, 特别是核素示踪技术由于廉价、省时又易

掌握, 应用的时空尺度范围较广泛, 且前景广阔。
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　　T he study reveals that cu lt iva ted lands ex tend2
ed ob liquely to the direct ion of sand dune movem en t

are ex trem ely affected, w h ile o ther segm en ts w h ich

ex tend para llel to the direct ion of the movem en t are

no t affected. A cco rd ingly the no rth Shaanx i

P rovince w ere divided in to areas of d ifferen t classes

of po ten t ia l risk mo reover, the area of w estern

desert are a lso affected by b low n sands and sand

movem en t from neighbo ring h igh lands.

[　References　 ]

[1 ]　Bagno ld R A. T he physics of b low n sand desert dunes.

L ondon: M etheun Baret. F. and G. Guyo t. (1991)

Po ten tia ls and L im its of V egetat ion Indices Fo r LA I

and A PA R A ssessm ent R emo te Sensing of the Environ2
m ent, 1954. 35: 161—173.

[2 ]　M uh s D R , Bush C A , Cow herd S D , M ahan S. Source

of Sand fo r the A lgodones D unes[M ]. In T chakerian,

V. P. , ed. , D esert aeo lian p rocesses; N ew Yo rk,

Chapm an and H all, 1995. 37—74. C liffs, N. J.

[ 3 ]　CC ICCD. Ch ina Country Paper to Com bat D esert ifica2
t ion [M ]. Beijing: Ch ina Fo restry Pub lish ing House,

1997a. 18—31.

[ 4 ] 　 J iao Juren. In tegrated T echn iques and P ractices of

Sands R ebuilding by H ydrau lic Pow er [M ]. Shaanx i

Science and T echno logy P ress, June 1996.

[ 5 ]　B lack C A , Evans D D , W h ite J L , et a l. M ethods of

So il A nalysis[M ]. Part 1. Am Soc A gron Inc, 1965.

[ 6 ]　A bdulla H J. R ate of sand dune movem ent during the

dry season in the low er M esopo tam ian p lain - Basrah

[J ]. J. A gric. Sci. 1990 (1, 2) : 99—107.

[ 7 ]　Bagno ld R A. T he physics of b low n sand and desert

dunes[M ]. M ethues and Co. ltd. , L ondon, 1971. 7—

12.

[ 8 ]　Chep il W S. So il condit ion that influence w ind ero sion

[J ]. U. S. D. A. T ech. Bull. , 1958. 1185.

[ 9 ] 　Yang Zhongxin. A ffo resta t ion Investigation in Yulin

P refectu re [M ]. Shaanx i P rovince Publish ing House,

Ch ina, 1984.

02　 　　　　　　　　　　　　　　　　　　　　　　水土保持通报　　　　　　　　　　　　　　　　　　　　第 24 卷


