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Abstract: This investigation was conducted to estimate sand dune movanent in Yulin and Jinbian areas of
northern Shaanxi Province, China Results indicate that total sand movement has been 24 433, 21 147 met-
ric tons for Yulin and Jinbian, regectively. Themean sand dune movanent equates to a rate of 4 61 and
3 99m per year, but average monthly sand dune movement rateswere 1 152 and Q 997m for the wo loca-
tions regpectively. The ratesof movement occurred inJul followed by Jun , Aug and Sep.. Ratesof move-
ment depend onw ind velocity, dune height, and dune length and slope ratio. T he study reveals that cultivat-
ed lands extended obliquely to the direction of sand dune moveament are extranely affected severely by the
movement, w hile cultivated land segments extending parallel to the direction of movenent are not affected
Keywords sand dunesmovement; wind erosion; desertif ication; North Shaanxi Province of China
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Sand dune movanent has become an almost
universal and extranely disastrous problen in most
of the arid and sami-arid regionsof theworld Bag-
nold™ has defined sand dunes are mounds, hill or
ridges of windblown sand and stated that the
threshold wind seed is 12 19 km/h How ever,
the mechanical effect of trangorted sand will in-
crease 10 timesw hen it risesfrom 24 to 34m /h, and
100 timesw hen it rises from 24 to 56 km/h This
phenomenon has been studied in different parts of
theworld(table 1). This show s that high peed sand
stom is mportant for the formation and moveanent
of sand dunes However, local topography should
be considered to expect dunemovement direction™.
T he area of desertification caused by w ind erosion is

1 607 million km?, accounting for 61 3% of total
area of desertification affected land area, and is
mainly distributed in the arid and the sami-arid ar-
eas’®. Soilwind erosion al® isa very severe kind of
land degradation A ccording to A genda 21,

ring to a remote sensing survey in 1990, China's il

refer-

erosion area corregponding to 3 670 000 square kilo-
meters, covering about 38% of the total land area
A nnual il lossis said to account for 5 billion tons
70000 hectares of arable land are lost every year by
il erosion A ccording to the State Science & T ech-
nology Comm ission (referred to by UNDP) betw een
1985 and 1994, about 360 000 hectares of fam land
annually have been affected by top-s0il loss north
In Shaanxi Province, il erosion extremely serious,
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affects 130 000 km*(67% of Shaanxi Province). Soil
loss estimated, 850 million t/year, average erosion
rate, 6 500 t/km? a year in the L oess Plateau of
Shaanxi Province and sediment concentrations in the
middle reaches of the Yellow River in China (the

loess plateau) approach 700 kg/m°® (about 50% by
weight) L. The purpose of this study is to estimate
sand dunes movement in the whole territory of
north Shaanxi Province in order to conclude their re-
lation w ith the cultivated areas

Table 1 Cammonly used theoretical methods for calculation of sand dunesmovenent

Amount of sand expected

Researcher

Total sand expected The advance rates

tomove(q) to move(Q ) of the dunes/m

Bagnold, 1941 q= C (dD)¥2v.%p/y Q=q*N C=Q /MW
Kavanura, 1951 q= K (p/g) V- -+ V) (V- V)2 Q=q*N C=Q /MW
W illian's, 1964 q= a(p/g) V-b Q=q*N C=Q /MW
Kadiba, 1965 a={ X% (¥- p)/p *(gd)} * 10° Q=qg*N C=Q/MW
Hsu, 1971 q= Ku* 10 ° 10V * /(gd/10)¥2 2 Q=q*N C=Q /MW
W hite, 1979 g= 26V-*(vt-) 1+ V&)V ) (/M) Q= q=*N C=Q /MW
Borowka, 1980 q= 25* 10 °(v)**® Q=q*N C=Q /MW
Al- Sheak, 1984 g= Q 87090637+ Q 5085891(V) M = (1 6)(200) (q) /206/H (100)

A bdulla, 1990 q= 15*%10 °(v - V)3 Q=q*N C=Q /MW
AL - M alki, 1995 E= I.LC.K.L.V Q=1*cC C=Q /¥

Kw, a, k, C —oonstant; d —mean grain diam-
eter;, D —standard mean grain dianeter; p —air
pecificweight; g = 22/7; V «, V—threshold w ind
velocity; V —local wind velocity; H —dune height
(m); N —number of hours net w ind (average mean
of the dry period); | —il erodibility factor; C —
climatic factor; ¥—particle density, being taken to
be 2 65(gn/an’®) for the quartz

1 Description of study area

The study area, located in the northern part of
Shaanxi Province, liesw ithin longitude 109°00" to
110°00" E and from latitude 38°40' to 37°20' N. The
area is 158 km long (from north to south) and 87 km
w ide (from east to west) and has a total area of
13 746 km® The area is located at a typical transi-
tional zone between the M a0 W usu desert area,
w hich is suitable for livestock fatming and an agri-
culture area, concerns about the desert moving
utheastw ards The landform is gentle in location
area, w ith elevation ranging from 897 0 to 1600m.
The land surface ismainly sandy sedimentsof allu-
vium and lacustrine deposits Sand dunes extend in
the areaw ith sheet, lakes, river valleys and ravine
floors The landform of the sandy land with great
ecological activity is seldom among the sand area of

China The area fall in arid and sami-arid continen-
talmonson climate zone Themean annual precipi-
tation is250 433mm, themean annual w ind veloc-
ity is2 4 3 3m/s, and the daysw ith gale w ind
are 15 33 daysw ith amaximum of 77 days

2 M ethodology

2 1 Preparation and smpling

Representative dune sand samplesw ere collect-
ed from Yulin and Jinbian areas Some physical and
chamical propertiesof the investigated sand dune are
presented in table 2 by the procedures of Black et
al ®. Thedry sieving analysis has been done to ob-
tain the common grain sizes V alue for averagew ind
velocity and rainfall data w ere obtained for the in-
vestigated location according to information record-
ed during the period 1987- 1999 from Y ulin climatic
station, months start from June to Septenber each
year.
2 2 Calculation of data

Calculation of sand dunes moveanent w as done
acoording to themethod from Bagnold equation'® as
follow s

(1) Threshold wind velocity (V) for dune
sand w as calculated as by Bagnold’s equation'”:

V.= 6801 d|g3dQ (1)
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w here: V (—the threshold w ind velocity (an- s 1);
d —themean grain diameter (an).

(2) The anount of sand expected to move(q)

ton/(m- h)

of Bagnold'™:

q= 15x 10°WV - Vv)°? (2)

W here V —the local wind velocity (an -

isobtained by the follow ing equation

s ') for
the study period
(3) Total sand expected to move in the consid-
ered period (Q ,metric ton) was calculated as fol-
low :
Q=gxN (3)
W here N —the number of hours net w ind (average
mean of the study period).
(4) The advance rates of the dunesw ere calcu-
lated as follow s
C=Q/H (4)
W here: ¥ —the particle density w hich has been tak-
en to be 2 65 (gn/am®) for the quartz H —the
dune height (m).
Table 2 Same physical and chem ical properties
of the investigated dune sand

Properties Yulin Jinbian
Sand/% 92 49 90 13
Silt/% 337 321
Clay/% 4 14 6 66
Grain mean diam eter/mm Q28 Q21
o.M /(gn- kg b Q 84 Q 95
CaC0s/(gn- kg Y) 215 0 176 0
EC/(amole: kg ) 320 210
pH 7 87 7 34

3 D iscussion of Reaults

A t this stage of study, north-w esterly w ind can
dry out the il surface very fast, causingw ind ero-
sion and drifting sand over the country from aw ide
ource This isa ocoldwind blow ing from northern
Europe penetrating into the M ongolia desert The
air in the desert becomes very unstable, stirring up
strong w inds(as a result of thementioned cold air)
at ome places such as northern desert, 0 the dust
is brought over hundreds of kilometers'®. The
threshold w ind velocity, required to move the com-
mon dune sand grains(diameter @ 26mm), found to
be 3 33m /s(see equation 1); therefore, the rate of
movement of an average sand dune in metric tons

per meter w idth of lane per hour(q) was 0, Q 006,
Q 126 and Q 429 ton/(m- h) of 0, 4,6 and 8 m/s
w ind velocity, regectively (see equation 2). Then
the values of total dune sand movement, metric ton
(Q ) were calculated w ith regpect to occurrence of
north-w esterly wind and q( table 3). From the re-
sult of theoretical sand dunes movement calculated
by Bagnoldmethodwerel 32, 1 94, 0 79 and Q 56
m inJune, July, A ugust and Septenber regectively
for Yulin, and Q 95, 1 89, Q 72 and Q 43 m in
June, July, August and September regpectively for
Jinbian (table 4).
locity, dunes height, length and slope ratio Figure
1,2, 3, and 4) show s the relationship s betw een ad-
vance rate of sand dune and wind velocity, dunes
height,
This indicated that Yulin area is more affected by
w ind erosion than Jinbian This is attributed to the

This result depends on wind ve-

and length and slope ratio regectively.

climatic factor which has main effect to move the
common dune sand grains, w hereas, wind velocity
has the sane effect in calculation the results In ad-
dition,
greatest for July followed by June, A ugust and
Septem ber (Figure 5) due to w ind velocity. Because

no vegetation in this period which are required to

sand dunes advance and sand drift were

slow dow nw ind velocity near il surface and their
shades help to keep the =il sand dune surface
moist, 9, il erosion was enhanced and sand
dunes advance rate as a result w as increased (Figure
2—5)
Table 3 Theamount of sand movement(@Q) of
sand dunesat the investigated locations

Sand moveament, Q (metric ton)

L ocation

Jun Jul A ug Sep. Total M ean
Yulin 6 996 10 282 4 187 2 968 24 433 6 108
Jinbian 5035 10 017 3816 2279 21 147 5 286
Total 12 03 20299 8 003 5247 45579 11 39
M ean 6 015 10 149 4 001 2 623 22 788 5 697

Table 4 Theadvance rate(C) of sand dunes
at investigated locations

Sand movement, QO (metric ton)

L ocation

Jun Jul A ug Sep. Total M ean
Yulin 132 194 Q79 Q 56 461 1152
Jinbian Q9% 18 072 Q 43 399 Q997
Total 227 38 151 Q 99 8 60 2 150
M ean 113 191 Q75 Q 49 430 1075
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and dunes slope ratio for investigated locations
in northern Shaanxi Province
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Figure 5 Sand dunes movenent in the north Shaanxi

Province

Y ulin areasmore affected by sand dunesmove-
ment have trend oblique to the direction of the pre-
vailingw ind than Jinbian T here are plains betw een
the desert area and river such as cultivated lands in
west Yulin and north Jinbian These areas are
oblique to the northwest trending wind direction
A |0 obtained from sand dunes movement result,
these areas are affected by aeolian sand that moves
from north to south over the bordering agriculture
areas, this result agreement with CCICCD, 1997a,
and Yang Zhongxin, 1984'>°!

4 Conclusion

In this study the north part from Shaanxi
Province desert includes 90% of these sandy de-
posits which threatens the cultivated land in the
bordersof the Yulin and Jinbian areas
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The study reveals that cultivated lands extend-
ed obliquely to the direction of sand dune movement
are extranely affected, while other segmentsw hich
extend parallel to the direction of themovanent are
affected A coordingly
Provincew ere divided into areas of different classes

not the north Shaanxi

of potential risk moreover, the area of western
desert are alo affected by blown sands and sand
movement from neighboring highlands

[ References ]

[1] Bagnold R A. Thephysicsof blown sand desert dunes
(1991)
Potentials and L mits of V egetation Indices For LA |

London: M etheun Baret F. and G Guyot

and A PAR A ssessnent Renote Sensing of the Environ-
ment, 1954 35: 161—173

[2] MuhsD R, BushCA, Cowherd SD, M ahan S Source
of Sand for the A IgodonesDunes[M ] In Tchakerian,
V. P, ed, Desert aenlian processes Nev York,

(3]

[4]

[5]

[6]

(8]

[9]

Chapman and Hall, 1995 37—74 Cliffs, N. 1
CCICCD. China Country Pgper to Combat D esertifica-
tion[M ] Beijing: China Forestry Publishing House,
1997a 18—31
Jiao Juren Integrated Techniques and Practices of
Sands Rebuilding by Hydraulic Power [M ]
Science and T echnology Press, June 1996
Black CA, EvansD D, WhiteJL, et al M ethods of
Soil A nalysis[M ] Part 1 Am SocA gron Inc, 1965
AbdullaH 1 Rate of sand dune movement during the
Basrah

Shaanxi

dry sean in the lower M esopotamian plain-
[J] 3 Agric Sci 1990(1,2): 99—107.
Bagnold R A. The physics of blown sand and desert
dunes[M ] M ethues and Co. Itd , London, 1971 7—
12

ChepilW S Soil condition that influencew ind erosion
[J] U.SD.A. Tech Bull ,1958 1185

Yang Zhongxin A fforestation Investigation in Yulin
Prefecture[M ]
China, 1984

Shaanxi Province Publishing House,



