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1  In tro d u ctio n

  ’I、he vast expanse of arid and sem iarid lan ds in

C hina has been experiencing very severe erosion by

w ind‘“．D ry sub—hum id lands are also frequently

threatened by w ind erosion w hen strong w inds co

ineide w ith dry periods．A ccording to the m ethod

suggested by T hornthw atte 2．Ci and W u[3]esti—

m ated that C hina’s arid and sem i arid land (includ

ing hyper arid and dry sub hum id ) is about 3．57

m illion km  2 A 11 experience w ind erosion and al

m ost 60％ have already been degraded‘“．Evi
den ces sh ow  th at w in d ero sion in C h tn a is n ot a re

cent phenom enon．T he landscapes sculptured by

w ind，such as yardags and deflated gobi deserts，

are distributed extensively in N orthw est China 7…．

T he extensive aeolian deposits of different geologi

cal eras bear rich in form ation on th e aeolian pro

cesses in the geological past【6．T he rapidly ex—

panding w ind eroded land in the last five decades，

and the m creasing frequency of dust storm s im ply

that the current w ind erosion is accelerating at an

unprecedented rate．

    D o cu m en tatlon of w in d erosion an d its related

dust storm s in C hina dates back to over 2 000

years．“Earthy rain’’and“Sandy rain’’recorded in

history w ere actually the rain laden dust resulting

。综合近年来有关我国不同地区土壤风蚀风洞模拟

指出了我国的风蚀区域与沙尘暴活动中心。

from  w ind erosionm …．T he historically fam ous ge

ographer in W ei D ynasty，Li D aoyuan m ade such

explanations to the form ation of Y ardags，“Rills

cut by w ater is blow n by w ind subsequently．-D]．

Som e local adm m lstrators in Q ing D ynasty orga

m zed the local people to take practical m easures to

protect farm lands and irrigation canals from  blow n

sand．A fter a few  years (1866 1872 ) investiga

tlon in the L oess P lateau of C hina，R ichthoffen at

trib u ted th e th ick loess dep ositio n to th e w in d ero—

sion of the sandy deserts and gobi deserts to the

northw est[“ ．A t the turn of this century 。H edin

noted that the yardags nearby I。op N or w as eroded

6 m  deep by w ind in 1 600 years．T he estim ated

an n u al w in d erosion rate w as 4 m m · a ，or 6 00 0

t·km 一2·a 1‘” T he droughtin the north ofChi

na in the 1 930’s of th is cen tu ry led to th e extensive

destruction of vegetation cover and expansion of

w ind erosion．Scientists began to recognize the

w in d erosion p ro b lem s in th is area．S ince C h in a’s

reunification ，the rapid increase of population led

to large scale land reclam ation and deforestation ln

th e sem i—an d zo n e ．w hich resu lted in 10 0sen ed soll

free of co～er sub Jected to w ind action．N o system

atlc research w o rk con cern ed w ith w in d erosio n h as

b een con d u cted In C h in a ex cep t th ose Iab oratory

tests and field observations w ith respect to the
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san d stab ilization in d esert areas to en su re th e u r—

gent resource developm ent and other econom ic ae—

tivities．R ecent years there are the increasing in—

terest in w in d erosion research on rain —fed farm

1an ds in n orth ern C h ln a．A ttem p ts h ave been m ade

to learn the general situations，m echanics，causes

and con tr01 tech niques of w ind erosion by laborato

ry w in d tu n n el sim u latio n an d field ob servatio n in

som e typical areas．Som e encouraging prelim inary

resu lts h ave b een ob tain ed．

2 C lim atic erosivity

    T h e influence of clim ate on w ind erosion de

pends not only on w ind velocity，but also on pre

cipitation and tem perature that determ ines evapo

ration．T he pioneer w ind erosion scientists，C hepil

et al[”developed a form ula to calculate a w ind ero—

sion clim atic factor for th e W ind E rosion E quation

(W E Q )[1“．Later。Skidm ore F141 introduced the

concept of probability function of w ind speed and

put forth another form ula for calculating w ind ero

sion clim atic factor to increase the accu racy of estl

m arion．O w ing to the lim ited availability of de

tailed m eteorological data，D ong et a1．D s]em ployed

the form ula proposed by FA O [16 that proved to

p ro d u ce very clo se resu lts to S k id m ore’s m eth od．

T he F A O  m eth od can b e expressed as !

C 一(1／100)∑“3((E，’P， 尸；)／ETP：)d (1)
    r一 1

w h ere ，C —W ind erosion clim atic facto r：“ 一M ean

m onthly w ind speed at 2 m  height：E 7P ，= Poten—

tial m onthly evaporation am ount (IIIITI)；P 。=

M onthly precipitation (rfnTl)；d —T he num ber of

d ay s in th e m on th co n cern ed．

    T h e yearly w ind erosion clim atic factor in arid

and sem iarid C hina ranges from  10 to 150 based on

the m eteorological data from  233 stations covering

sections of 12 provinces in northern C hina．W ind

erosion m ainly occurs to the north of Y ellow  R iver

in the eastern part，north of Q inling M ountain in

the m iddle part，an d north of T ibetan P Iateau in

the w estern part．In the east，the clim atic factor

increases from  southeast to north w est，w h ile in

th e w est。it increases from  w est to east．T h ere ex—

ist obvious regional differences in clim atic factor．

Six w ind erosion centers can be discerned ，w hich

are Junggar Basin，Q aidam  Basin，A lashan G obi，

northern Inner M ogolia Plateau，H orqin Steppe

and T aklim akan D esert．T he w ind erosion clim atic

factor is also changeable w ith season．Spring has

the greatest clim atic factor due to strong w ind and

1ittle precipitation．Sum m er has the least clim atic

factot．T he direction of w ind erosion force also

show s regional difference．T o the east of longitude

97。E ，w est of longitude 84。E of T arim  B asin and

Junggar Basin N W  is the prevailing direction．To

the w est of longitude 97。E ，eastern X injiang and

east of 10ngitude 84。E  of T arim  B asin N E  w ind is

predom in ant．T he season al distribution and direc—

tion of w ind erosion force im ply that the m ajor

w eath er system  responsible for the w in d erosion in

arid and sem i—arid C hina is the M ogolia high—pres

sure that is very active in the spring．

3 Surface erodibility

    T he m eehanical com position ，structure and

the bonding agents betw een particles determ ine the

erodibility of the ground surface，but the effect of

bonding agents is com plex．In arid and sem i arid

areas of C hina，w ind erosion usually occurs on

loose deposits or those loosened by natural or hu—

m an factors．So the surface erodibility can be ap

proxim ately assessed by m echanical com position

(T ab．1)．T he particles sm aller than 0．25 m rn and

larger than 0．08 m m  are the m ost easily eroded．

T he ground m aterials subjected to w ind erosion in

the arid and sem iarid areas of C hina can be divided

into such seven prim ary types that include gobi

desert，sandy desert，loess deposits，residuum ，

flooding deposits，salinized deposits and irrigation

deposits．
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Tab．1 The grain size com position of typical ground surface m aterial

 subjected to w ind erosion in the arid and sem i—arid Reeas of C hina

    G obl desert    23 2    7 07 8．50    9．64    11 84    1 q 57    2 o_18

    Sandy desert    0 0    1 08    3 57 48 44 45 87 0 96

  L oes{ deposit, 0 0 0 0 7{ 0 90    22 13    76 24

 R esidual depom ts    2 83    1．43    2 43    9 19    31．93    3 3 76    18 43

 Floodm g deposits 0 0 0．60 0 90    32．41 44 3l    21 78

    G obl desert，distributed in northern M ogoha

P lateau ，H exi C orrid o r of G an su P rov in ces，eastern

X in)ang A utonom ous R egion，Q aidam  Basin of

Q inghal Province．northern Junggar Basin of X in—

jtang and the surrounding edge of T akllm akan

D esert，is the lag gravel of long term  deflan on．

H ardly any erosion occurs on the original gobi de—

flation plane except w hen disturbed．  Sandy

deserts，scattered in different parts，are the m ost

easily eroded by w ind because m ore than 80％ of

the sand grains is w ithin  range betw een 0．08 and

0．25 m m  in size．Loess deposits，the m ain body of

th e L oess P lateau ，are in fact the fine particles

em itted and transported by w ind from  the gobl

deserts an d sandy deserts to its north w est．T he

grain size of loess deposits decreases gradually

from  th e n orth w est to sou th w est．D ue to th e rich

physical clay and bounding agents loess deposits

usually are 1ess erodlble except in the n orthw estern

part adjacent to sandy desert．T he m ajority of the

residual deposits，distributed in the east and

southeast of Inner M ogolia Plateau，are the de—

posits left behind by both w ater and w ind erosion．

T hey are also less erodihle because of the consider—

able am ount of non—erodible fraction．T he flooding

deposits are distributed to the north of Y ellow  R iv—

er of the N orth C hina Plain．In general，they are

less erodlble due to considerable am ount of physi

cal clay and the bonding agents，but those along

the abandoned river channels are easily eroded be

cause they are coarser and in m ost eases at loose

state．Irri gation deposits are scattered on the ter

races of the Y ellow  R iver valley．T he irrigation de

posits are the very fine sedim entation covering irn

gated farm lands deposited from  turbid irrigation

w ater through long term  of irrigation．Because

over 90％ of the particles are sm aller than 0．05

m m  and iil m o st eases at m oisten ed state Irrig atio n

deposits are alm ost non—ero& ble． Salinized de—

posits are the deposits w ith very high content of

salt and alkaline．Larger and continuous patches of

salinized deposits are distributed on the northern

b an k of T an m  R iver to th e n orth of T ak lim ak an

D esert and at th e foot of T iansh an M oun tain．D He

to the protection afforded by the salt crust，the

sahm zed deposits are rarely eroded by w ind．

4 W ind erosion intensity

    T he estim ate of w ind erosion intensity is im —

portant for the design of control m easures，but it is

also a diffi cult task due to the difficu lty in m ethod—

ology．A ttem pts have been m ade in recent years to

determ ine the w ind erosion intensity in the arid and

sem i-- arid areas of C hina．M eth ods include irives—

tlgatton of som e obvious w ind erosion signs，such

as tee exposure height of tree roots，the height of

w ind eroded landform s，the base exposure height

of buildings；field observation by m eans of erosion

pins L”，eroslon bridges[18 J and sand sam plers；

m onitoring survey of the landform  change；sim ula

tlve experim ent In w ind tunnel[”；analyzing the

grain size distribution of the w ind eroded soil and

com paring it w ith the original state w ithout ero

sion‘“ ：estim ate by W ind Erosion Equation‘1…．

V ery recently som e researchers tried to apply 1”Cs

trace elem ent m ethod [21 2…．T ab．2 sum m arizes th e

estim ated w ind erosion rate in som e typical sam ple

areas．T h e estim ated w ind erosion rate in the arid

and sem i arid of C hina ranges betw een 600～8 000
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t·km 一2·a ，or 0．4～5．3 m m·a一1 and the m ost  Farm land have higher w ind erosion rate

severe erosion takes places in active dune—field．

    T ab．2 The wind erosion intensity of som e typical 8teas

    L ocatlon    C hm au c type L and type    E ／(t· kra 2· a 1)    ^／(ra m · a 1)

    N alm an funer M ogoh a[1目    D ry su b hu m ,d    S andy land 8 000    5．33

    Y u fa，B eu m a [”j    D ry sub—hu m id    F arm land    1 330 0 89

    X lajm g ，Sh andon g I剁 D ry sub—hu m id    S and y lan d    2 100    1．40

    Y ou!ra，Sh anm [a“     D ry su b—hm m d L oess farm lan d    1 373 0 9Z

    Shenm u ．Shaanxl[2“ D ry sub—hum id L oess farm land    I 900    1 27

    B agu& ，In ner M ogoh a[2 0』    S em t artd    F arm land    4 11 0    2．74

    X qm gm ，Innet M ogolm  ooj    Sem t ar—    F arm land    2 460    1．64

    ＆ nw elzl舳In r M og olla[20J    S em l arld    F arm land    3 10 5    2．07

    Q ,hao 。fnTler M ogo h a[2…    S em i—arm     F arm lan d    1 905    1．27

    D agaltan ，Irm er M ogohaLa03    Sem L ar—    F arm land    l 440 0．96

    Y ongx tan ．Innet M ogo ha[zoJ    S em i—an d    F arm land    2 880    1 92

    G onghe，Q m ghal[223    Sem  z arid    F arm land    2 236    1．49

    G onghe．Q m gha*[2“    Serel arid    A ct*ve dunefi eld 4 368    2 91

    G o aghe I Q ln ghal L∞J    S em i an d    G rassland    744 0．50

    L op N oT，X m pangu ∞+    A tld    Sandy desert    6 000 4．00

    K uerle，X m p ang [z“    A n d    F arm iand    3 537    2 3 6

    K uerle，X m p an g kzU     A r,d D esern fl ed farm land    5 987    3．99

    K uerle，X inp ang L21j    A n d    G rassland    3 171    2．47

    * B ecause the 】。op N or area ls free of hum an dtsturba‰ the w lnd erosion rate is a铀um ed to he a constant E  1s w m d erosion m odulus

    h ls w m d eroslon depth ，the hulk density ls takea to he l 5 t· m  3．

5  A nthropogenically—accelerated

  w in d  ero sio n

  T he north of China，especially the sem i—arid

zone has a fragile ecological system  that is sensitive

to hu m an disturbance．T his area w as covered by

grasses，herbs，shrubs and trees．A s population

increased m ore and m ore people m oved to northern

China．Consequently，the original vegetation cover

w as destroyed by over—reclam ation for farm ing，

over—grazing，irrational cutting for firew ood and

m isuse of w ater resources[2“．  A s m ore and m ore

bare and loose surface is exposed by hum an aetivi—

ties w in d ero sion is accelerated ．T he com p arativ e

sim ulative w ind tunneI experim ent of cultivated

and non—cultivated soll sh ow s th at w in d erosion

m ay be accelerated 15 tim es by cultivation．A ni

m al treaded soll has 14．4％ m ore w ind erosion

than non—treadedc271．

    T he anthropogenically accelerated erosion can

b e indicated b y the difference in w ind erosion rate

betw een farm land and grassland．For econom ic

reason s th e farm lan d in th e arid an d sem i—an d of

C hina is usually cleared of any residues at post—

harvest season．Y an[22 1 concluded that in G onghe

Basin of Q inghai Province the annual w ind erosion

rate of farm land is three tim es greater th an th e

grassland。D uring cultivation w ind erosion m ay in—

crease 5．74 ～ 8．80 tim es． D ong and C h en【”

reached sim ilar conclusion for H oush an A rea of In

her M ogolia． T he 1and reclam ation in H oushan

A rea began at the turn of this century，large—scale

reclam ation occu rred after th e 1950’s．T his 1cads

to the w ind erosion difference betw een farm land

and grassland (T ab．3)．T he accum ulated w ind

erosion depth on farm land usually is over 10 cm ，

w hile that in the grassland is no m ore than 5 cm ．

F ield investigation indicates that m ost of the w ind—

eroded landform s，such as yardags，appeared after

the 1 960’s[2…，in accordance w ith the rapid in—

crease of population and large——scale land reclam a—-

tion．T he 10cal people use the term “C lear w in d ”

an d“Y allow  w ind ”to describe the 10cal environ．

m ent before and after the 1960’s[2…．T his is a good

evidence to the environm ental degradation caused

by w ind erosion．Beijing，China’s capital city is ex

periencing m ore and m ore dust storm s and dust—

fall．Som e researchers consider H oushan A rea of

Inner M ogolia is the prim ary source of the dust
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over Beijing‘2…．

  Tab．3 C om parison of the accum ulated w ind erosion

    am ount betw een cultivated land and grassland

    in H oushan area，Inner M ogolia[3”

Zhanggatym gal    Flat {arm ]and

  B anw cln     Slope farm land

  Y ongx lan    F lal farralan d

  Q lhao  F arm land oil the top of hlll

  Bagudt    Slope farm land

  X qm gel  F arm land oil*he top of hill
  E rdaohe    G ras、land

  D ag altan    0 ras‘'land

1 2 S 8

14 8 6

14 1 2

1 0 8 7

18 7 0

1 2．7 1

 4 8 4

4 6 5

6 D u st sto rm s

    D u st storm s in th e arid and sem i—arid 8Yetis o f

China have very long history．T he earliest record—

ed dust storm  dated back to 205 B ．C ．m ．T he peo

ple in the an d and sem i—arid areas suffered heavy

10SS in 1lves and properties due to du st storm s．F or

exam ple，the dust storm  of M ay 18 to 19，1 986 in

H otian，X ingdiang resulted in on—site econom ic loss

of 6 m d h on dollars and th e extensive du st storm  of

M ay 5 ，1 993 ，in N o rth w est C h in a resu lted in o n—

site econom ic lOSS of 70 m illion dollors[…．

    T h ere are five d u st storm  cen ters in th e an d

an d sem i—arid areas of C h in a．T hey are ．from  w est

to east，T arim  Basin (m am ly including T akh—

m akan D esert and L op N or area)．A lashan P lateau

(including Badain Jaran D esert，T engger D esert ，

U lan B uh D esert an d H exi C orridor )， O rdos

Plateau (in cludin g M u U s Sandy Land and north

ern Loess Plateau )，southeastern Inner M ogolia

Plateau (including H oushan A rea，O tindag Sandy

L and and H orqin Sandy Land ) and N orth C hina

Plam (to the south of Beijlng )．A ccording to the

docum ented dust storm s since 205 B ．C．over 85％

D u st sto rm s OCCa rred in M arch to M av．T h e {re—

queney and intensity of dust storm s are increasing

w ith population ，w hich Is m ainly related to the ad

verse hum an disturbance against the background of

clim atic flu ctuations． Since the reunification of

China (1950 -- 1995 )，the average frequency of

d u st storm s is 1．73 tim es —a 1．

7 T h e con trol of w in d erosion

    S ince the reunificatioⅡof C h ina。th e C hinese

G overnm ent noted the necessity of controlhng

w in d erosion to ensure econom ic developm en t．

M easures to be taken include vegetative，engineer

ing and chem ical m ethods and land m anagem ent

practices。

  V egetative m easures include the construction

of th e shelter forest 1n th e T hree N orth s (N orth

east，N orth and N orth w est C hina )，w hich have

lasted fo r tw o d ecad es，th e sh eh er b elts or n et

w orks to protect the oasis．A ir—seeding w as sue

cessfully used to generate the grasses and shrubs

to stabilize shlfdng sand dunes in the sem i——arid ar——

egs．In desert areas w here tile naturaI conditions

are not suitable for any vegetative m easures，engi

neerm g m ethods are m troduced．T he engineering

m easures，m ainly used to protect the transporta—

tion lines erossm g desert，have been successfully

practiced in the Shapotou Section of B ao (Baotou )

一Lan(Lanzhou ) R ailw ay，N aim an Section of Jing

(Beipng )-- T ong (T ongliao) R ailw ay，Y um en Sec—

tlon of L an (L anzhou )一X m g (U rum qi) and the

D esert H ighw ay in T aklim akan D esert．T o now

the engineering m ethods used in C hina include

fences，straw  checker boards，sand transporting

boards，feather—like sand—conducting fence arrays

and sand separatin g ditches．T he purpose of ehem —

ical treatm ent to the loose shifting sand is to add

bondin g agents and form  non～erodible crusting．

Because of their prohibitive COSt sand——fixing ehem i—v

cals w as only 1lm ited to sm all areas．R esearch is

being conducted to reduce the cost．Land m anage～

m ent practices．w h ich w ere used on farm lan ds，in—

clude striped and alternated cultivation ，residue—

leaving harvest，deep tillage and zero tillage．But

in m ost areas．the im portance of land m anagem ent

In controlling w ind erosion 15 ignored except for

G onghe Basin of Q lnghai Province，a rare good ex—

am ple of preventing the developm ent of w ind ero—
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sion by properly m anaging the land．
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