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Classification of the Size distribution of soil aggregates

in arid and semi･arid reglOnS in East Asia

Tomoo OKAYASU* and Kazuhiko TAKEUCHI*

Abstract: Broad-scale evaluation of wind erosion requires details of the spatial distribution of the primary factors

controllingwind erosion, such as soil characteristics･ vegetation cover and soil water conditions･ Soil aggregates are one of

the factors,and their size distributions have usually been mapped by assuming a One-t0-One relationshipwithsoil texttlre

class･ We dry-sieved 3 1 soil samples &om aridand semi-arid regions in East Asia. Cluster analysis showed that the size

distribution of aggregates varied evenwithin a single soil texture class, mainly because of the differenceinSoil types,

indicating that the above assumption does not holdinthis region･ Azonal aeoliansediments havetypical well-sorted forms

of size distributions, but zonal steppe soils show various patterns of size distribution･ Parent material can be a good

indicator to use to classifythe size distributions of aggregatesinsteppe soils, loess materials and soils fわrmed on newer

(Quaternaryand Cretaceous) igneous rock (finer soils), on sedimentary materials (coarser soils), and onancient geological

layers (Complex, Coarse particle size composition)･ Soil maps and geological maps of this region are readily available, so

the mapping Of soil aggregatesinrelation to these thematic maps should be efrlCient and practical.

Key Words: dry sieving, cluster analysis, Wind erosion, China, Mongolia

INTRODUCTION

Erosion of soil bywind, which occursinmany arid,

semi-arid and agricultural areas of the world, leads to land

degradationand reduces air quality (Shao, Y., 2000). The

arid and semi-arid reglons of EastAsia are among the

mostvulnerable towind erosion (Gao, X. et al., 2002).

Wind erosion and dust entrainmentinto the air in East

Asia have been intensively studied at large spatial scales

inrecent years (e.g. Nickovic, S. et a1., 2001; Shao, Y. el

al, 2002; Gong, S･ L･ el al., 2003). Theintensity of wind

erosion depends on various factors, of which the most

important are wind velocity, soil moisture, vegetation

cover, surface roughnessand particle size distribution

(Chatenet, B･ et al" 1996)･ The sand driftintensity of

slngle-Sized, smooth, loose, dry particles can be estimated

as afunction of the kiction velocityandthe threshold

&iction velocity (Iversen, J･ D. and White, B. R., 1982).

Friction velocity is an index of the shear stress舟om

atmospheric turbulence to the ground surface. Threshold

friction velocity is defined as the　minimum　丘iction

velocity required for the aerodynamic forces to overcome

the retarding fわrces and to initialize the movement of soil

particles (Shao, Y., 2000). Most of the recent advanced

modelling frameworks forwind erosion estimation are

based on these concepts.

Mass-size distribution of soil particles is one of the

prlmary Input parameters fわr advanced　wind erosion

models (Marticorena, B. ei al., 1997; Shao, Y. and Leslie,

L M･, 1997), which estimate the nuxes (the total weight

of moved soil particles per unit area and per unit time) of

saltation sand and suspended dust. Particleswith different

diameters have different erodibilities･ Experiments show

that particles with a diameter of around BO Il m arethe

most erodible (Iversen, J･ D. and White, B. R., 1982).

Moreover, size distribution of soil particles affects

erodibility through indirect processes, such as soil

moisture and surface crusting (Shao, Y., 2000).

The distribution needed　for the models does not

correspond to traditional　soil texture. The traditional

particle distribution is seen only when soils are submitted

to wet sedimentation teclmiques, which lead to the

breakage of aggregates by the polar effects of water

(Marticorena, B. el al., 1997).All soils that contain

colloidal materials contain aggregates, which are clusters

of particles of di飴rent sizes that remain associated when

the soil is stressed mechanically by tillage, raindrop

impact or drying and wetting (Oades, J. M. and Waters, A.

G･, 1991)I Therefore, the spatialdistribution of the size

distributions of soil aggregates must be mapped for broad-

scale evaluation of wind erosion･ However, there is hardly

any information on the size distribution of aggregates at
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Figure 1. Sampling locations

large spatialscales, unlike other prlmary Input Parameters

forwind erosion modelling, such as vegetation cover and

soil moisture, for which remote sensing and modelling

techniques are well developed. Owing to this scarcity,

most models of wind erosion assume a one-t0-One

relationship between the size distribution of aggregates

and the soil texture classification (Shao, Y. and Leslie, L

M., 1997; Marticorena, B. et al, 1997; Shao, Y. et al.,

2002), although the validity of this assumption is unknown.

Therefore,the accurate mapplng Of the size distribution

of soil aggregates is one of the important pending Issues

for the broad-scale evaluation of wind erosion. We aimed

to examine the validity of the above assumption and to

establish methods for more accurate mapplng Of the size

distribution of aggregates, by determ1nlng the size

distribution of samples collected at various locations in

no血em and no血-eastem China and Mongolia, and

classifying the distributions　inrelation to the spatial

information available at a broader scale.

1. METHODS

Sample locations

ln the humid conditions, vegetation cover and soil

moisture suppress wind erosion, while very dry conditions

enhance wind-stable desert pavement and salt crust cover,

also decreasing the activity of wind erosion (Pye, K., 1989

and Zhibai, D., 2002). Therefわre, the intemediate

condition, with less vegetation, less desert pavement and

less salt concentration is most favourable to promoting the

development of wind-erodible surfaces (Pye, K., 1989). ln

the target reglOn, Chemozems, kastanozems and calcisols

by the classification of the World Refbrence Base for Soil

Table 1. Brief description of sampling locations. Soil typeswith an asterisk were identified kom the SOTER soil map

(FAO et al., 1999);the others were identified by soil survey.

SAD)plc No IJatiblde I-仰gittldc I.0tadotl bdfbrm Soil ty7X (WRB)　Textt)re

Kas tan° ze nち

Has tanoze nち

Che mo2errS

Kas tan o2e TVS

Kas 一an 0 Ze rrち

Kas tanoze rrs

Has tfulO2e TTB

Kas tanoze TTち

Kas tano2errB

Kas tanoZe rrS

Kas lanoZenち

Calcic Carrd)lSOk

Arenosols

Arenosols

Arenosols

Arenosols

Arenosols

Arenosols

Arenosok

Arenosols

Arenosols

Arenosols

Arenosols

Arenosols

Arenosols

Arenosols

Kas lanoze rrB

Cdcisoh書

Calcisols +

Kas lanozelTB書

KaslanoZeTTB +

1 41:41:44N 113.40.:10E EastemMongolnn Phteau

2　42'23:HN 115'24.09E fhstemMongo払nPhteau

3　43.2851N 116.46.05E fhstemMongohnPhteau

4　43'42:44N　113130.41E Central Mongohan Phteau

5　42:26:16N 11227:34E CentralMongobnPhteau

6　42.52:43N 112.42:20E CentralMongolian Pbteau

7　43.01:23N　112:47.31E Central Mongolian Phteau

8　40:56:20N 11256.C6E YlnShan Mountaln

9　39:44:34N l併:55:08E Odos phteau

lO　39:44:lgN lil.08:34E NorthemLoess Phteau

11 39:45･21N ll1.07:27E NodhemlJOeSS Phteau

12　3630･38N l併:32:25E CenlrallAeSS Plateau

13　42:50'32N l15:53.08E Honshandaksandy land

14　42:50:33N l15:53:(垢E Honshandaksandy land

15　42:51.04N 115:53:10E Honshandaksandy hod

16　43:05.06N 112:52:20E Honshandaksandy land

17　43:05.06N l12:52120E Honshandaksandy land

18　43:09106N 112:55:53E Honshandaksandy land

19　39:扮53N l併:46.35E Ml】 Us sandy land

20　39:12.21N l〔汐:4622E MtlUssandyland

21 39:16'51N l脚:49:04E MllUssandyhnd

22　39116.51N l併:49:04E Ml】 Us sandy land

23　40:16.44N IO9･56119E Kupqidesert

24　4256･16N　120142.37E Horqmsandy land

25　4256･26N 120:42･57E Horqnsandy land

26　4256:29N　120:4252E Horqinsandy land

27　42･33:12N 121.04.60E l刀eSS h山nealHorqinsandy 一and

28　43併:16N 109:08.30E Celltral Mongolian Phteau

29　43.57:17N 103.10.43E CentTd Mongolnn Phteau

30　4533:llN 109126.(氾E Central Mongohn Phteau

31 46.07:15N 1(泊35:I暑e CenlralMongolnnPhteau

WRB - World Reference Base (FAO, 1998)

n/a - not available

H山slope

Flat hnd

Hill slope

F一at land

Flat land

Flat hnd

F一at land

Hill slope

Hill slope

rill slope

Hill slope

Flat land

Sand dune

Sand dune

Sand dune

Sand sheet

Sand sheet

Sand sheet

Sand dune

Hill slope

Sand dune

Sand dune

Sand dune

Upland丘eld

Sand dune

Sand dune

Flat 一and

Flat hod

Flat hnd

Flat land

Flat laJld

Sandy Clay LDam

Loarry Sand

Clay Loam

n/a

n/a

LoaTry Sand

IAaTry Sand

LoaTry sand

Learry sand

IAarry Sand

h)arry ら and

lAany Sand

IAaTry S and

LDarry S and

Loamy sand

baJTy Sand

Loarry s and

Sand

IAallサSand

n/a

harry sand

Loarry sand

Sand

∩/a

∩/a

n/a

n/a

IAarry Sand

Sand

SaTld

balm Sand
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Figure 2･ Time series of the soil weight on each sieve in a preliminary test of dry-sieving of(a) dune sand (sample no. 19),

(b) castanozem (no･ 2), (C) chernozem (no.3)and (d) loess (no. 12).

Resources (FÅo, 1998) are considered erodible zonal

soils (Quanguo-turang-puchahezuozhan, 1998). On the

other hand, azonal soils, the fわrmation process of which is

mainly controlled by parent materials, such as sandy soils

and loessal soils, in which aeolian processes are

considerable as pointed out by many authors (e.g. Mabbutt,

J･ A･, 1977), are also included in this s山dy.

Thirty10ne Surface sediment samples (<5 cm depth)

coveringall the soiltypes which are considered erodible

as explained above (Table 1), were collected in northem

and north-eastem China and southem Mongolia (Figure 1).

Most of the sampling polntS Were Selected on nat land or

gentle slopes, to avoid the effect of micro-relief. The soil

typeswithout asterisks in Table 1 are compiled &om the

Chinese soil class捕cation　(quanguo一山ang-

puchahezuozhan, 1998) determined by field survey by use

or the co汀elation table attached to a soil and

physiographic database for northernand central Eurasia

(SOTER; FAO et all, 1999)･ The soil typeswith asterisks

are identified舟om a soil map in SOTER, without

SampJeNo･ (<20pm) 1%] (<3811m) 1%】

Dtlne saJld

Castanozems

CherJ)OZemS

Loess

19

2

3

12

6.43　　　　　　0.06

13.08　　　　　1 65

3903　　　　　　602

10.91　　　　　3 24

Table 2･ The proportion of dispersed particles smaller

than 20 LL m and dry aggregate smaller than38 〟 m.

verification by field survey･ Thirteen samples came丘om

soil classified as kastanozems by WRBinthe Mongolian

Plateau and the Loess Plateau;川･om chemozems; 2斤om

calcisols, 14 &om arenosolsinHonshandak Sandy Land,

HorqinSandy Land and Mu Us Sandy Land; and l丘･om

calcic cambisols (which corresponds to loess soils by

Chinese soil classification) in the Loess Plateau.

Determinalion of the soil aggregate size dislrz'bulions

Soil aggregates larger than 2 mm were removed by

manual siev】ng, because large particles are not easily

picked up bywind (Chatenet, B･ et al., 1996). The samples

were sievedinto seven soil classes-2000-1000, 10001

500, 500-250, 250-100, 100-75, 75-j3 and 63-38 pm-

with conventional slacked sieves on a vibration shaker

machine･ The optimum Size of sample used fわr dry sieving

depends on the number or sieves and the dimensions of

the mesh ape血res (Pye, K. and Tsoar, H., 1990). We

considered 1 0 g appropriate･

There is no perfect method to determine the in silu size

distribution of a soil (Chatenet, B. et al., 1996), because

(I) sampling itself may in加duce bias, (2) aggregates do

not have any characteristic size and are usually not stable,

and (3)incomplete sieving may occur. In general, clay-

sized particles and organic matter are the most important

agents fbming and stabilizing soil aggregates (Edwards,

Jour7ml of ETWironme7dal Information Science 32-5
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Figure 3･ Six groups of size distribution of aggregates identified by clusteranalysis･ The averages andthe ranges are

shown for the groupsincluding more than 3 Samples･

A. P. and Bremner, I. M., 1967; Tisdall, J. M.and Oades,

J. M., 1982), while,inorganic matter such as calcium

carbonate, iron oxides and aluminium oxides can also bind

particles (Hillel, D., 1998)･ The size distribution of

aggregates is not aunlque Value for a soil sample, but

varies with the composition or the aggregates, exogenous

mechanical stresses, and stabilityinwater･ Therefore, in

the ideal case for determlnlngthe size distribution of soil

aggregates fわr the pu叩OSe Of wind erosion study,

aggregates that would be broken by aerodynamic drag

should be brokenindry-sieving, and those aggregates that

would not be broken by aerodynamic血ag should rel車n

in aggregate form･ However, no studies consider the

explicit relation between exogenous stresses due to dry

sieving and aggregate breakage (e.g･ Schjorming, P･ 1992;

cammeraat, L. H. and Imeson, A･ C･, 1998; Boix-Fayos, C.

el al., 2001). The bias due to the sieving method should

also be considered. Dalsgaard, K. et al, (1991) and Jinnai,

K. el al. (1981)indicated that longer sieving does not

improve separation efrlCiency, but the hammenng effect

of coarser particles is needed･

For sieving SOil aggregates, those two vleWPOints,

aggregate breakage and separation efrlCiencyinstacked

sieves, should be considered･ To determine the optlmum

66

duration of sieving, We Performed a preliminary

experiment with a sample each of dime sand (sample no･

19), castanozem (no. 2), chemozem (no･ 3) and loess (no･

12). These samples did not reach equilibrium even after

10 000 s (2 h 46 min) sieving (Fig. 2), which is consistent

with the results of Dalsgaard, K. et al. (1991) and Jinnai,

K. ei al. (1981). The chemozem was the slowest to

approach equilibrium, and the differenceinproportions

betweenthe initial and latter stages was also the largest･ In

contrast, dune sand changed the leastwith time･ The figure

shows that it was difficult to differentiate the changes

because of separation by sieving and of aggregate

breakage, except that large-aggregate breakage can be

seen inthe chernozemsand loess samples.

However, even after 10,000-second sievlng, a large

proportion of small particles kept an aggregateform･

Table 2 showsthat the mass-proportion of the dispersed

particles smal1er 20 LL m (Sum Of the &actional weight of
clay and silt), measured by the Pepit method, is

considerably larger than that of dry aggregate smallerthan

38 〟 m. This means that an equilibrium exists at which

the external force of sieving can no longer breakthe dry

aggregate of the samples･

we settled on 20 minutes (1,200 secondsinfigure 2) as

Joumal of EfWironmental Information Science 32-5
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Fist)re 4･ Dendrogram of the six clusters identified by

cluster analysis.

the optimum duration for our experiment, managing both

the completion of sievlng and the avoidance of excessive

aggregate breakage.

Cluster analysis

The weight of the &action on each sieve was converted

to a proportion of the whole fわr all soils, then we

performed cluster analysiswith Ward's method,inorder

to find out whattypes of size distribution of aggregates

exist in the target region, and to identifywhat kind of

background factors are the key to controlling the size

di stribution

2. RESULTS

Cluster analysis identified six groups of soils arranged

on the basis of their size distribution of aggregates (Figure

3)･ The den血ogram in Figure 4 shows clear separation of

these groups,with ajumpinthe distance between 2.5 to 4.

Group a has a peak at over 1 mm, and a secondary peak at

l001250 pm･ Four soils were classified into this group,

three from steppeand desert-steppeinMongolia, and one

castanozem　from the northern　fbot of the Yinshan

Mountains･ Group b is characterized by a peak at 100-250

pm and a larger range of particle size populationsI This

group consists mainly of castanozems &om the Mongolian

Plateau, plus a brown calcic soil &om Mongolia. The soils

in group c have a sharp peak at 75-100 pm, and hardly

Table 3･ Clustersand soil parametersI Soil typeswithan
asterisk were identi丘ed丘om the SOTER soil map (FAO

et al･, 1999);the others were identified by soil survey.

C]uJなr SzLnFJe Sdl type rWRB)　Sdl typ (ChJneSe)　　Sdl te血re

zu)dy}J9　　　NA

S KastanOZ亡nt3

23 CaIc15015 ●

30 Kast且mOZeTrS +

3 I Ka5tanOZeTrS +

I KaStaZl02だ汀B

4 Kas L且nOZeIIB

5 Kast皿02ETnS

6 KzLSt且llOZerrZi

7 K且StaIlO2E!nB

9 Xa5t且nOZem5

20 ⅩaStanOZEnE

21 Arenosols

29 CaユcISOls ■

C由tamOZenY

Browx[ cBIcIC SOiLs+

btanOZtIT泣暮

Ca518皿OZ亡rnS +

CastanozeZly

Ca5tBJlOZ亡mS

C出tanOZent;

CastBnOZ亡汀B

Ca5tan02だnu

CaStaJ10ZemS

CaslanozeJTB

AeoILaJ) SOlb

BIDⅧ CaklC SO血書

LDaJ｢ny SaJld

hamy SzLnd
SBJld

LoaJT】y Sand

Sa血一y Cby LDiun

n/a

n/a

LoaJTV SzLnd

baJTy SaJld
IAamy SaJtd

a/a

lAaLrq Sand

Sュll d

2 Kast且nO2Z!TTZl　　　亡びt且Z}OZeJl渉　　　　　　LDanV SaJld

3 Chem｡ZeZnS ChemozemS thy LJ)ZLm

lOKas也皿02ZfnB Qstanoヾmn-n soils IDaJTy Sazld

I I Kastan02eJ】恐　　　Ca5tBJ10ICmnaZTDn 501b Loamy Sand

)2 CalcIC CmbL5015

27 KaStZLnOZeJTB

)3 Arenosols

)4Arenosoh

15 Arenosols

17Arenoso15

19Arenoscls

22 A renoso15

23 Arenosols

24 AJenoso ls

25 AreT)OSCZs

26AreTlOSOb

16AJtnOSCb

l畠ATenOSOb

LoessaJ soih

Ca5tanOZernS

Aco血l Soils

Acohan so止s

AeoIJaII SCJs

Aeclla工l SO止s

Aeollall 50止s

Ato血l SO止8

Acolun soils

AeoILaJ) SOlk

AeoILaJI SOlk

AeoILaJ1 SO出

Aeolzan so血

Aeol泣n SOlk

LodJTl

n/a

LDaLry包llld

LDaJTq Sand

LJD皿my Sand

LA叩Suld

LoaLTq Szmd

Loan SaJld
SAn d

A/a

n/a

n/a

LDanly Salld

Sand

WRB - World Reference Base (FAO, 1998)

rJa - not available

any other size population. Group d has a similar size

distribution as in group c, but italso contains finer

particles of lessthan　75　pm. Groups e and f are

characterized by a sharp peak between 100 and 500 pm

and almost no other size populations.

3. DISCUSSION

Aspointed out in the Introduction,the broad-scale

mapplng Of soil aggregates is one of the prerequisite issues

forthe broad-scale model simulation of wind erosion.

Cu汀ent broad-scale modelling of wind erosion assumes,

without validation, that soil texture classification has a

one-t0-One relationship　with　the size distribution of

aggregates, which is mapped on the basis of the spatial

distribution of soil texture. However, our results contradict

this assumption･ Generally, soilsinarid regions have

coarse texture owing tO the def一ation of finer particles, a

low supply of organic matter and low activity of chemical

weathering･ Most of the soil texture classes of ourSamples

are coarse-loamy sand and sandinparticular. Therefore,

the soil texture of loamy sandand sand encompasses

various arid soils: zonalsteppe soils, loess soils and azonal

aeolian sandy soi】S･ These soils are distinctly diffTerentin

orlgln and formation, which lead to different

characteristics. Our resultsindicate that the classification

of size distribution of soil aggregates onthe basis of soil

texture classification is not appropriate in arid and semi-
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Table 4. Classification of steppe soilsand corresponding infわrmation of climatie and parent material. Soiltypeswithan

asterisk were identified &omthe SOTER soil map (FAO et al., 1999);the others were identified by soil survey. Armual

rain払11 is derived丘om a climate map (ZhongguoIQixiangju, 1994; UIsyn Geodezi Zurag ZuinGazar, 1990). Parent

material is derived &om a geological map (Bureau of Geologyand Mineral Resources, 1991 ; UIsyn Geodezi Zurag Zuin

Gazar, 1990).

ChJster Sa血PJe Soil TyT* (WRB) Soil Type(ChiJleSe)　　Soi】 Textt)re Azlm)al PareIIt Materjd

AndyB is No.　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　rajn血11 1皿】

Gbologicd era

Loanv Sand

LDarTy Sand

Sand

baJTV Sand

SzLndy C一ay 1.oam

n/a

n/a

Loanv Sand

Loa汀y Sand

LoaTry Sand

SaLnd

I.oaTTb, Sand

Clay l刀am

lAany Sand

a　　　　　　　　8 Kastano281TB Castano2m

28 Cakisols⊃l Brown calcK SO止S■

30 Kastano2erTB +　　　CaStan02m *

3 1 Kastano2号ITち●　　　CaStanO2m +

b 1 KastanoZe汀B CaslanoZErrB

Cas lano 2m

Cas lano 2m

Cas tanoZemB

Cas tan° 2m

Ca£ tanozelrB

Brown cakic soik●

Cas tanozeTTB

Chemo zenB

CastanoICinna】TDn SOJs

4 Kastano2errB

5 Kastano2ernS

6 KastanoZE汀追

7 Kastano2enTB

9 Kastano2enE

29 CalcISOIs +

2 KastaJ102elrB

3 ChemozeTTB

10 KzLStanOZerrB

4(氾　　　Metam)rphic rock (gnelSS)　Archean

75　　IBneOuS rock (granodlOnle) Paleo20IC

200　　lBneOuS rock (diorite)　　　PaleozDIC

250　　Igneous Tt)Ck (granodionte) paleozDIC

370　　　Metaclast柁S

2 10　　　Clastics

250　　　　Clas I ics

210　　　ClastlCS Wdh rrnr1

2(X)　　　ClastlCS WTth liTTEStOne

4(X)　　　Clas tic ら

125　　　Depos Its

2%　　Igneous rock bmnlte)

300　　lgneous rock (basalt)

400　　　Loess

4(X)　　　Loess

4(X)　　　Loess

PTDtCrO2D IC

TerhaTy

Te71 1ary

Te rt lazy

Pe mllaLI

Cretaceo us

Cretac eo us

Creta(: eo u s

QuaternaJy

quatemary

quaternary

QuatemaJy

1 1 KastanozeITS Castano-CinnarrDn Sods Loarry Sand

27 Kastanozems Castanozm ba77y Sand

n/a - not available

arid reglOnS Of East Asia, and must lead to considerable

errorinthe estimation of wind erosionintensity.

Soil type can be a primary indicator for classifying soil

aggregates, as seen in Table 3,inwhich aeolian soils are

almost exclusively separated from other soils. Dune sand

has a well-sorted size distribution of aggregates, as seen in

Figures 3e and f(corresponding to groups eandfinTable

3). This is because on sand dunes, accretion fi･om saltation

predominates and gives well-sorted gralnS Of between

0.125 and 0.25 mm (Mabbutt, J. A., 1977). Groupノ; which

consists ofsoilsfrom sand flats, is coarser than group e, in

which most samples come斤om dunes. This result is

consistent withthe fact that coarser sands are found on

sand f一ats than on sand dunes, because coarse galれs

concentrated at the sur払ce resist arrangement intoripples,

and prevent sand accumulation by increaslng the saltation

rate (Mabbutt, ∫. A., 1977).

In contrast to the results of aeolian sediments, the size

distribution of steppe soils varied with samples (Figures

3a-d). To examine reasons for this variation, We

considered the climate and parent material of the sample

locations of the steppe soils (Table 4). The mean annual

rainfall at each location was derived from a climate map

(UIsyn Geodezi Zurag Zuin Gazar, 1990; ZhongguoI

Qixiangju, 1994). Parent materials were derived from

geological maps (UIsyn Geodezi Zurag Zuin Gazar, 1990;

Bureau of Geology and Mineral Resources, 1991). In this

smdy, parent materials fわr all soil samples are assumed to

be consistent with the geology ln geOloglCal maps, except

sample 10 and 1 1, which were determined as loess in the

68

field survey, althoughthese locations lieinside an area of

sedimentary deposits on the map. (These locations are

withinthe "Dongsheng Uplift", where denuded sandstones

are fわund, but loess is found here too.) Groups c and d,

with welトsorted grains much finer than those of dune

sands, can be regarded as an independent group,

contalnlng loess soils, steppe soils on loess materials and

soils derived &om newer (Quatemary and Cretaceous)

igneous rocks. This size distribution shows the typical

shape of loess materials. Loess consists of terrestrial

windblown silt deposits. Its main source areas in China are

the cold, dry deserts of northernand north-westem China,

where silt particles are produced by the combined action

of &ost and salt weathering. Throughtransport, a limited

range ofparticle sizes is accumulated on the Loess Plateau,

forming well-sorted sediment (Pye, K" 1987). A longer

transport trajectory leads to the deposition of finer grains,

as seen in the southem part of the Loess Plateau in

contrast to the northern　part (Quanguo-turang-

puchahezuozhan, 1998). Our results also show this

tendency, as seen in the fact that the sample collectedin

the middle of the Loess Plateau (Figure 3 (d), Sample No.

12) has finer texture tha】1 the other loess materials that

belong to group c. The reason why soils on Igneous rocks

consist of fine particles cannot be explained clearly, but

may be related to the homogeneous crystal structures of

these rocks. Group a has a complex size distribution,with

a main peak &om 1 to 2 mm and a secondary peak kom

100 to　250 llm. The geologlCal era ofall samples

classified into group a is very old,almost exclusively
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(c),(d)

Figure 5. Possible classification of size distribution of

aggregates &om aridand semi-arid regions Of EastAsia
on the basis of the cluster analysis･

before the Palaeozoic, whereas samplesinother groups

are Cainozoic and MesozoicI Figure 5 summarizes the size

distribution of aggregatesinthis reglOn･

Many authors have used a fitting procedure based on

multi-modaHognormaldistribution to determine the mass-

size distribution of sediment exposed towind erosion (e.g.

Chatenet, B. el al., 1996), of emitted sandand dust near

the sur免ce (Alfaro, S. C. et al., 1997, 1998), and of dust

particlesinthe atmosphere (Gomes, L., 1990). The

advantage of representing the size distribution by a multi-

modal lognormaldistribution is that it allows extrapolation

of the particle-size information obtained &om a limited

number of soil samples to a broad region (Shao, Y., 2000).

Most wind erosion models use the fitted fbm of size

distribution (Marticorena, B. ei al., 1997; Shao, Y., 2001;

Shao, Y･ et al･, 2002). The multi一modal log-normal

distribution is expressed by the equation

see, -紙exp(-
(lnd-1nD

2 0?,

where P(頑is the probability distribution function, d is

particle diameter, J isthe number of modes, wJ is the

weighting for thejth mode of the particle size distribution,

and DJ and oj are the parameters forthe log-normal

distribution of theノth mode. The average size distributions

Table 5･ Estimated log-normal size distribution parameters

equation and text fわr explanation of variables.

for each group were fitted by means of a non-linear least-

squares method, and are presentedinTable 5, in order to

use our resultsinWind erosion models.

CONCLUSIONS

We dry-sieved 3 1 soil samples &om arid and semi-arid

reglOnSinEastAsia･ Cluster analysis showed that the size

distribution of aggregates varied evenwithin a single soil

texture, mainly because of the difference in parent

materials･ Although　most modelling studies of wind

erosion assume a one-t0-One relationship between soil

texture classand the size distribution of aggregates, our

results strongly contradict this assumption, which may

cause considerable e汀Or in the estimation of wind erosion.

Azonalaeolian sediments have typical well-sorted

forms of size distribution, but zonal steppe soils show

various patterns of size distribution. The results indicate

that parent materialCanbe a goodindicator to classifythe

size distributions of aggregatesinsteppe soils, loess

materialsand soils formed on newer (Quaternary and

Cretaceous) igneous rock (finer soils), on sedimentary

materials (coarser soils), and on ancient geological layers

(Complex, coarse particle size Composition). Our results

show that parent material is the pnmary factor

determlnlng the size distribution of aggregates･ Therefore,

the mapping Of the distribution of soil aggregates asan

mput parameter fわr wind erosion models becomes possible,

under the assumption that the parent material is consistent

with the geology foundingeological map. Soil mapsand

geologiCalmaps of this region are readily available, so the

mapplng Of soil aggregatesinrelation tothese thematic

maps should be efficient　and practical, though　the

assumption of the consistency of parent material and

geology could lead to errors to some extent.

The detailed landfbrm classification map IS necessary

for differentiating between the regions f♭r group e andノ;

for the six soil groups identified by cluster analysis･ See

m血l modb 2

W I LJ)　　　　q1

0. 7735　　　2(施. 2　　　0. 9978

0.0226　　　　90.7　　　0.04 1 1

0.2278　　　　84.7　　　0. 1 140

0.73 I 9　　　　54. 1　　0.4544

1.…)　　　207.5　　　0.5410

1. (XX氾　　　363. 2　　0,4606

Sum of squares

W2　　　D2　　　62 res idua)

1......................................iii=■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■

0. 2260　　1 208. 3　　0. 2908　　　　　　0.0037

0. 9774　　1 82.4　　0. 9782　　　　　　0. α氾6

0. 7722　　1 03.0　　0. 7537　　　　　　0. (X氾3

0.268 1　　1 80.4　　0.8853　　　　　　0.0 I 53

0.0033

0, (XXX)

a LU c d e fl
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however, it is currently not available. Besides, this study is

not successful providing clear criteria fわr differentiating

between group c and d. Moreover, the small number of

samples　and our inability to considerthe effects of

microrelief prevented us &om considering the variations

within each clusteranalysis group. Further systematic

field survey lS needed for more precise estimation of wind

erOS Ion.
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