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and their Appllcability to Remote Sensing
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For the development of renlote sensing technologies,a sensitive,sirnple,and directindicator for assessing the degree

oF deseitiflcatioll able to be applied by remote sensing technology is requircd. ヽアegetatlon can satistt thiS requirement

because changes in soil,、vater,and otller nlicro卜environnlental factors can be sellsitively rellected by changes in

vegetation The()bjectives of this study are to analyze the characteristics of vegetation at dilerent stages of desertin―

cation and to discuss tlle possibility of applying these characteristics as indictors of desertiflcatioll for use by remote

sensing technology.

The neld illvestigation、vas conducted in the Mu Us Desel‐t,a typical sand(lesel‐t i1l IIlnerいマIongolia,nOrthern China.

We investigated 198 sampling areas,179 of、vhich、vere l.5〉〈1,5m2and 19 of which were 5)〈 5m2in SiZe. We recorded

plant species,canopy coverage,number ofindividual plants,and height for every species.

Our results showed that as desertiflcation proceeded,plant associations changed greatly. me ttpe Of association,

nlinilllulll area of the association,canopy coverage,diversity,and eveilness of vegetation challged signiflcantly and

could be tised as indicators of desertiflcation. Alllong these flve parameters,lllinilnum area, diversity,and evenness

cannot be acquired frona remotely sensed data Coverage andけ pe of aSSOCiation can potentially be detected by remote

sensing technologぅた ヽ
ア
et,the degree of desertiflcation could not be deterlllined by coverage alone because it was not

linearly related to the stage of desertiflcation Coverage+association type could be used to satisfactorily deterllline the

stage of deseAincation. Recent progress has shown that,even though ftilther improvements and fleld veriflcation are

required,it is possible to estimate vegetation coverage by remote sensing technology. HO、vever,the estinlation of

associatiollけpe by relllotely scnsed data is still all unsolved issue As sensor resolution and data analysis technologies

are imprOved,a solution should be found in the near fllture.
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―一〇riginal Anicle――

Desert

1`introduction

/ヽegetation is one of the most important ecosystem

components. All environillental variations,such as

weather,soil,sand activities,and、vater status,are sensi―

tively reflected by changes in vegetatioll. Tllerefore,

vegetation has the potential to be applied to assess the

eilvironmental challges. Zhu and Liu (1984)used Vege‐

tation characteristics to assess degree()f desertiflcatiOn,

which is a reverse succession ofthe plant communi呼(I五,

1983),More recently,a sensitive,simple,and direct

indicator applicable by remote sensing technology for

assessing the degree Of desertificatioll has become

necessa呼 .The obieCtiVes ofthis study are to analyze the

characteristics of vegetation at ditterent stages of deser

tiflcation and to discLlSS the possibility of applying these

characteristics as indictors of desertiflcation for use by

relllote sensing techllology
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2t Materials and「 Methods

Tlle rleld investigation was conducted in the A/1u Us

Desert,a typical sand desert in northern China. The

average accumulative temperature there for tempera―

tilres≧10'C is 3449iCi each year,and the region receives

2860 h of sunshine each year. The maxilnuna monthly

average temperature is 24°C,the lllinilllum is-101C,and

the length of the frost―free period is 179 days. AIInual

precipitation is 468 11lm`「Fhe topography is characterized

by sand dunes,and the soilis sandy.

We investigated the vegetation by sampling. In all,198

areas were salllpledi 179 of the sarllpling areas were l.5×

1.5m2and 19、 vere 5)く5m2. In each sampling area,the

species name,callopy coverage,nulllber of individuals,

canopy height,and other parameters were recorded for

evett plant species. In this study,rclative canopy cover―

age C?Cか , VヽhiCh vヽas used to representthe size of a popu―

lation,was calculated as followsi

帥 =寺 粗 ∞    ・

、vhere C,is the coverage of species i and SC is the total

coverage of association.

For the reader's cOnvenience,a fe、v often―used concepts

are explained below:

Dolllinant species is deined as the plant species that

has the largest number oF individtlals or the largest

coverage area,、vhich can strongly attect the strtlcture of

the plant commullity.

Association:Tlle association is the Flindamental unit Of

Vegetation classittcation. Plant assemblages havillg the

same layer stI‐tlcture and the same doIIlinant species can

be putinto the same association,

3.Results and Discussion

l)Deterrnination of desertification stages

me experilllental area was located in the eastern palt

ofthe巾Iu Us Dese式,which was aけpiCal grassland region

ill the past. Recently,however,because of overgrazillg,

woodcutting for fuel,and exploitation for farmland,descr―

tiflcation has widely occul‐red,and the natural vegetation

has been seriously destroyed. As desertincation has prO―

ceeded,a reverse successlon of vegetation has occLlrl‐ed.

Desertincation stages were deterlllinate by the following

steps. Firstly,based on the analysis ofthe sanlpling data,

the relationships among comnlunity types,individual

plants,and environmental factors were analyzed, 軸 en,

salllples were arranged according to environmental gra―

dient and changes in plant species. Finally,the reverse

successloll settcs of vegetation、vas classtted into 6 stages.

恥 e doIIlinant species in each stage are shown in′rable l.

担【same reverse successlon serles has been reported in

tlle same region(Li,1983).

2)Piant associations at different stages of desertification

Fintre l Shows photographs ofthe associations for each

of the 6 stages of desertiflcation in the NIu Us Desert.

Tlle do■linant plant species at each stage were Sαう′%α

ク″姥多α″ゲS(Stage l,Fig.la)i Sαう″″α ttγ亀釘α″S十九ガタ″'s,α

θ拓冴θsどごα(stage 2,Fig.lb);スイタタおすαθ拓冴θsたα tt Ca/aga%α

″%ル″777夕冴″α(stage 3,Fig.lc)IД″2777お″α θγttθsたα(stage 4,

Fig.ld);ムガタ物おびαθガθsたα+Sα′″夕sα物777印)妨′α(stage 5,

Fig.le);and九″2772な″αψんα夕/θご?クんα′α(Stage 6,Fig.19.

The list of plallt species and their relative coverage in

each the six stages of desertincation are sho、vn in′rable 2.

Itis clear tllat dOIIlinant species and plant coverage change

signincantly fronl stages l to 6.

Table l Degl‐ee of(leseltiflcation and col‐1‐esponding I)lant association in the
Mu Us sand desert(Mu Us Deselt,Nolthern Cilina)

Degree oF Desertincation 1予pe ofAssociation

Stagc l(No deseltiflcation)

S t a g e  2

S t a g e  3

Stage l

S t a g e  5

Stage 6 (Shifting dunes)

Sαあ′″αυ″をα″S

Sα冴″αυクrga/な十九〃?″′s,αθ〃θs,ごα

力″?″″stt θガθs,ごθ tt C″″ュ″α″″′2/,,22かつ

A″27775,αθ〃つS2ごα

Aガ2771s'αθ〃θsたα tt Sα′放クsα物771θ少カガα

ムガク″なすαψカク2″ごの力α′α



Figttre la Figure ld

Figure leFigure lb

ン十物そル

Fig.1` Photos()fthe plant association of each ofthe 6 stages of desertiflcation in the ttlu Us Desert.

The dolllinant plant species for each stage are Sabガ%α υttlga″な (stage l,Fig。la);Sαあケ72α υクなα/為十

九″2772な′αθ打″θsたo(stage 2,Fig.lb)tA/rで″どsガαθ″冴θsをα tt Cα″αどα%α″″″夕γ物夕冴ガα(stage 3,Fig lc)i

ム″夕物お″αθね冴θsたα(stage 4,Fig。ld);Д″夕772な″αθ角〃θsガびα+Sα′歳夕sα物物θクん″′α(stage 5,Fig.le)i and

ムガタ初fs,α spr2αク/θごβクF2arα(Stage 6,Fig.10.
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3)Minimum area of association

During the investigation of vegetation,numbers of

species、vill increase、vith the increase oF sampling area at

the beginning period. Ater the sampling area increased

to a celtain value,all of the species、vill be included and

nunlber of species、vill not increase、vith the increase of

sampling area. ′rhe area at which all of the plant species

are included for the flrst tilne is deflned as the nlinirllum

area of association. The nlinillluin area is a parameter

that can rellect the diversity of plant species in a given

association. Tlle larger the lllinilnulll area is,the greater

the number of species includcs in the association. Fig.2

Figure lc Figure lf



Table 2.A list of plant species and their relative coverage(%)at direrent desertiflcation stages(Mil Us Desert,NoHhern China)

Name of Species
Stage

1

Stage

3

Stage

4

ａｇ

つ
”

Stage     Stage

5        6

スガタ物,sια θ〃θs夕ごα

Qツタα″ご″″物たθttθ″フ″す

るα″″θび″わαブ′′θsa

Sαあ″%αυ″をα/2S

6α″αgα″αケ″ル″タタタ冴″α

Cθ4y帆クタ/初″初少″う?/ク′″″

ム″2物″s2クα″%″α

九″夕初なすα夕を″冴α

θ夕な′9gc″容s?″α//9Sα

Hでr夕″θクαタクS αr,α″ご″s

ど竹繁θsナなご″′筋″夕″sな

S2筋 ″α冴″冴な

P夕″%な冴″277びク″レ″s'α″びク初

九どr′夕物 ″θ″gθ′た″初

βα硝筋 冴αs″れメ!↓a

S'′夕″夕re,2″SVar α ″g″s,挽と″σ

ム′′筋物 物″″,ssど物″物

万 2の S物 物 フ物 ′をθs″物 subSpe筋 2υ2

4r″のり′′″物Sク″αttθS物物

ム″夕777なケαsご2,α″α

Asttαgα′″s″ガび′θ″θどrF2s

Sα′2r夕sα物物θ少力′′α

ム″夕物などαψ力α夕″びの力αわ

Aψα/ag″sガαク″ご″s

Dθガθsr2物θ″竹′α%冴物′θs″s

Ct7方傷sル″のり′′θ材容

C72夕″?クθ冴′″″α″本″冴″初

Fしr2%サび′′α″″″ゲ7冴α Var″″う名マタα

A″2物おびα sp

r.タガsc″%夕″s2S Varど物″′%力″α

ご″少力θ力すαでS″′a

こあリナ紹クなっsα物物θご″αtts

θサルα′2″ごのrry′′α

月夕角̀′αか″″g♂α%α

P/2 ra抑″容ごθ初初″夕な

C″α夕%αでぇ力θ冴容ι″夕ご才α

ご″少力θ妨どα力″初物sα

品所初22レガ′θうθ

6αりθク′2/2S ttθ″gθ′たα

θ″s筋び77JPSガ物あ″所材S

P/2r″%s少 夕冴ク″び″′αサα

障loss(spp.)

7.77

0.23

0

13.95

0

0.02

0.53

0

0 . 0 1

006

0 . 4 ( )

0.88

0.06

0.10

004

0 1 1

0

0

0

0

()

0

0

002

002

013

003

008

0.03

0.07

0 . 0 1

001

0.01
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0

002
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0.01

001

001

033

473

7.88

059

0()3

860
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017

012

( ) 0 5

017

0()5
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005

0 0 1

008
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( ) 0 1

008

001

002

001

0

0 1 0

0

0

0

0

0

0

0

()

0 0 1

()

0

0

0

0.01

0

001

0

()

125

1445

008

0

0

255

0

0

0

0

0

0.03

0.03

0 ( ) 8

0

0

0

0

0

0

0

0

0

0

0

0

0

003

()

0

0

0

0

0

0

0

0

003

0

0

0

0

0

29.90

1 1 3

0

0

0

1)

()

0

0

0

025

0

005

0

0

()

0

0

0

0

0 ( ) ぶ

0

0

0

0

0
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0

0
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0

0

0

0

0

0

0

0

0

0

0

9 1 5
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()

0
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0

0

0
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0

0

0
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0

0

0

0.03

0

0

0

0

006

0

0.03

0

()

0

0

0

0

0

029

0

0

0

()

()

( )

0

( )

0

0

0

0

0

0

0 . 0 〔)

0

()

0

900

0

0

0

0

0

0

0

0

0

0

0

0

()

()

()

()

()

0

()



り
０
石
Ｏ
α
の
」
０
」
０
０
Ｅ
ョ
Ｚ

00  45  90  135 18_0 225 270 315 360 405 45.0 495 540

Sampling area(m2)

― Satge l   __。一,Stage 2  -Stage 3

-Stage 5   -Stage 6

Fig.2. Species area curves at different stages of desertiflcationt

shOws the species and area cuttes at ditterent stages of

desettiflcation` Distribution of a1l of the 5 cuNes sho、vs

that the number of species arstincreases、vith the increase

oF sampling area and then keeps constant. ′「he sampling

area at、vhich the number of species starts to keep con―

stant is equal to the,lininlum area. Therefore,it、vas

found that the nlinimulll area for stages l to 6(omitting

stage 4) vヽas 45,29,25,9,and 2 1112,reSpectively(Fig.2)`

As deseitincation proceeded,the rllininlum area of each

association obviously decreased. Tlle nlinilllum area in

the region with no desertincation(Stage l)was apprOxi―

mately 20 tillles as large as the nliniinulll area in the

reglon of shifting dunes(stage 6) Thus,the lllinilnum

area sensitively renected the degree of desertiflcatioll.

4)Variation in association coverage during deser―

tification

Canopy coverage is one of the most impoltant factors

that can rellect the features of a plant colllmunity because

the ground sulface is seldonl ft11ly covered by the vegeta―

tion canopy in arid,senll―arid,and sub hulllid areas, The

coverage can reflect 1lot ollly the characteristics of the

plant coHllnunity,but also the characteristics of the

environment. TherefOre,coverage is closely related to

desettiflcation.

Figure 3 sho、vs the variatlon in association coverage at

ditterent desertiflcation stages, At stage l,relative cover‐

age was 25%. As desertification proceeded,coverage

decreased to 19%at stage 2 and to 17%at stage 3. Atstte

4,however,coverage increased to 32%,the maxilnulll

value in the reverse successlon series. Aftewards,cover―

age decreased to 28%at stage 5 and inally to 9%at stage 6.

me maxilnum canopy coverage occurred at stage 4,not

at stage l. These results show that the vattation in relative
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Fig.3. /ヽariation in association coverage at different

stages of desertiflcation.
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canopy coverage during desertiflcation was nonlinear.

Tlle variation in coverage in the Shapotou area sho、ved

a sin11lar pattem (Qiu and Shi,1991),Shapotou is located

atthe southeastem edge ofthe Tengett Deselt,the fourth

largest sand desert in China, Since 1956,a long― terlll

study has been conducted to analyze the vattation in plant

diversity in the established vegetation and to see whether

the planted coIIllllunities could stably survive in Tengeri

Desert. Results showed that at the eal・ly successioll stage,

the relative coverage of the plant canopy increased alld

gradually approached a lnaxilllunl value(about 30%)after

7 years. men the coverage gradually decreased to 15%to

20%(Qiu and shi,1991). Thus,the studies both in the WIu

Us Desert and thatin the Tengeri Desel‐ t showed a non―

linear va由ation in relative coverage duttng desertiflcationt

■■lis nonlinear variation in coverage、vas related to the

availablllけof soll Water and the stabilitt ofthe soll surace.

At stages l,2,and 3,there、vas a layer of soll on the dune

surface and the sand dune was stable,and the dolllinant

species were Sαうガ物αυクをαttS andム″夕物おガαθ″θs,cα,me

soil layer intercepted water from precipitation,and only

slllall anlount of the rainfall could inflltrate through it

Tlle other part evaporated fl‐onl the soil surface directly

to the atinosphere. ′rhe water use ettciency frolll stageS

l to 3 was not vett high, Consequently,canopy coverage

was also not vett high. At stage 4,the dolllinant species

was Aガタ物ゐブαθ〃θsガごα.At this stage,the sand suttace

was stable,but no soil layer was formed on the surface

because of grazing or woodcutting. ′「herefOrc,、vater fI‐onl

precipitation could easily inflltrate to the plant root zone.

The portioll of rainfal1 lost during evaporation process

decreased and that lost frona transpiration increased

Bccause water use emciencyヽ Vas high, relative canopy

coverage was also high. At stages 5 and 6,although

raillfall could easily inflitrate to the plant root zone,the

nlovable soil surface lilnited plant gro、、■h  Tllerefore,

relative coverage again became low.

5)The diversity and evenness at different desertification

stages

Diversity is a paranleter that renects the richness of

plant species in a given association,which is malllly

attected by environmental parameters and the interaction

of plallt populations. Diversity index(E))can be expressed

、vhere s is the llumber of species in the association and pr

(unit less)is the relative size ofthe population of species″

As lllentioned in the WIaterials and Methods section,rela―

tive size of population is expressed as relative coverage.

Evelllless(E)indiCates the tllllfornlih7 of plallt species

in a given association and is calculated by the follo、ving

equation:

ご=11噌巾    0
me diversity and evenness of the associations at each

of the desertiflcation stages are shown in′rablc 3.(予cner―

ally,diversity decreases as reverse successlon proceeds.

Our results agree with this obselwation. Compared、vith

Table 3 Diversitt and evenness of associatioris at direrent deseltincation stages

Stages of Deseltincation    Dominant Species  Number of Species   Total Coverage   Diversi呼 (D)  Evenness(E)

Stage l(non Deseltiflcatlon)

Stage 2

Stage 3

S t a g e  r i

S t a g e  5

Stage 6(Shilting dunes)

sυ″rga施

SυクをαガS

Aθ ″冴θsたα

Aつ れ才θs′ごα

a ,″′?″″″?♂'α

ム θ″冴θs,ごα

Aθ /冴θsたク

s psα物物θ夕″脇

ム.S少77α夕/θご夕少77α′α

125

1 13

( ) 1 ( )

() 5 (う

( ) , 7 1

()品2

0 7 ″1

0.90

1()

107



forest and ra1lgeland vcgetation,divcrsity lll a(lesclt is

nlucll slllallCr becausc thc nuinbcr of spccics is fcwer an〔1

the digerellce lll relative coverage benveen the dollllllant

spccics alld()thcr spccics is vcry largc. For exaralplc,

there、vere 9 spccies ill sanlpling area nulllber 99. In this

case‐tlle relative coverage of the donlinant species,Sαう′″α

υ材をα/7S,Was 8()夕).while the relative c()verage of tlle otller

8 species、vas()11ly 4%

Tablc 3 sho、vs tllat cvcnllcss inCrCascd as dcs(・rtittca一

tlon(reverse succession)prOCeeded. Evenness incr(ヽased

from O,40 11l the regiorl of lloll desertiflcation to O,90i11

the shiftillg dulle regi()11. Usually, evenness illcreases

with succession oF the plant community. It is not clear

、vhy cvenness decreased、vith succession in thc dcsel't,

butit nlay be l'elated to the low coverage. During the six

stages,non ofth(l ground was h11ly covcred,and competi―

tion behveen individual plants was relatively、veak. How

ever,because evenness increased with the degrcc of

desertincation,it can be used as an indicator of desel‐tifl一

catlon.

4.Conclusion

The reslllts of our lield investigatlon and data analysis

sho、ved that as descrtification proceededi the plallt

associatioll challged greatly. Fronl the point of vie、v of

vegetation science,the follo、villg parameters changed

signincantly and can be used as indicators of desel‐tiflca―

tioll:呼pe of ass()ciation,Hlinilllulll area,c()verage,diver

sity,and evenness  Alnong these ive parallleters,data

on llllllinlulll area.diversity,and evenness cannot bぐ

acquired by remote sensillg technol()と翌■ Coveragc a11(1

117

呼pe Of association can potentially be detected by remote

sensingo Ho、vever,as discussed abovc,cOVerage did not

vaすy linearly、vith desertification, 11l other、vords,the

degree of desertincation cannot be deterlllined by cover―

age data alone. ′ rhereFore,coverage十 呼 pc Of aSSOCiation

is a lllore satisfactory indicator of desertilicationt

Using I盟ndsat data,Imagawa(1996)repo丸 ed that it is

possible to veritt rangeland,魚rmland.forest,wetland,

vlllaATes‐and、vater bodies. MIore recently,researchers

llave tried to calculate the vegetation index usillg reniote―

ly sensed data. Furtherlllore,the estinlation of vegetation

coverage and vigor has beell challellged(Oki,2000,

ulllDublished research repol‐t) Tllese ctforts show that,

even though further inlprovement and fleld veriflcation

are required,estinlation of vegetation coverage by remote

sensing technology is possible. However,the estimation

of association ttpe using remotely sensed data is still an

unsoived issuc. As sensor resolution and data analysis

technologies are llllproved,we expect a soltition in the

llear fLiture
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