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Abstract: Ch ina T h ree Go rges W ater Conservancy P ro ject has impo sed a p rofound impact on the change of land use and

landscape pattern s after the successfu l dam in 1997. T h is paper uses remo te sensing techn iques to detect land use dynam ics

and adop ts a landscape app roach to quan tify changes in landscape pattern s fo r tw o coun ties w h ich have larger amoun t of

m igran ts. T he resu lts show that 22. 9% to tal region had been changed in one and half a year. D evelopm en t changed mo st

obviously du ring th is phase; it increased by 4800. 8 hm 2, abou t 626. 6%. A rab le land in th is phase decreased by 18567. 9

hm 2, abou t 27. 6%. A ll these land use changes affected landscape pattern s. Patch density increased relat ively abou t 29. 5%

and con tigu ity index decreased by 13. 9% at landscape level, reflect ing landscape mo re fragm en ted. T he landscape shapes

index increased by 17. 7% at landscape level, show ing the shapes of landscape are mo re irregu lar. Part icu larly, the mo st

rem arkab le landscape pattern changes occu rred on developm en t, o rchard, grassland and arab le land. T he land use change,

is no t in the good o rder m anagem en t, bu t qu ite differen t from the m igran t reset t lem en t p lan. It is very impo rtan t to con tro l

the scope and the expanding speed of developm en t, affo rest and regrass the area w here is no t su itab le fo r agricu ltu re

developm en t in the fu tu re.
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1　 In troduction

　T he m on ito ring and assessm en t of land u se and land

cover is an ex trem ely im po rtan t act ivity fo r
con tem po rary land m anagem en t. A large body of

cu rren t litera tu re suggests tha t hum an land u se

m anagem en t p ract ices are the m o st im po rtan t facto r

influencing eco system structu re and funct ion ing a t
loca l, reg iona l and globa l sca les[ 1～ 3 ]. L andscape

com po sit ion and pat tern s affect key eco log ica l t ran sfer

p rocesses tha t govern the m ovem en t o r flow of
energy, nu trien ts, w ater, and b io ta over t im e and

opera te a t m any sca les[ 4 ]. O ′N eill et a l. a rgued tha t a

landscape app roach w as p ract ica l w ith in cu rren t

techno log ies fo r m on ito ring environm en ta l qua lity over
la rge reg ion s and it m igh t rep resen t a less expen sive

app roach than u sing trad it iona l f ine2sca led ground2
based su rveys[ 5 ].

　Ch ina T h ree Go rges W ater Con servancy P ro ject has
bo th advan tage and disadvan tage on eco log ica l

environm en t of the T h ree Go rges. A fter the
con struct ion of the R eservo ir, it s leng th w ill be
p ro longed 690 km along the Yangtze R iver, the land
area inundated w ill be 632 km 2, and m igran ts w ill be
1200000. Eco log ica l environm en t of the T h ree Go rges
has been stud ied since 1980s[ 6 ] , bu t the T h ree Go rge
P ro ject has qu ite long2term and com pound effects on
eco log ica l environm en t. A fter the successfu l dam of
Yangtze R iver, land u se and landscape pat tern
changed largely due to the set t lem en t of m igran ts. So
m easu ring the effects of the 172year set t lem en t of
m igran ts on eco log ica l environm en t is essen t ia l fo r the
su sta inab le developm en t of the T h ree Go rges. A s w e
know , m on ito ring and evalua t ing the changes of land
u se and landscape pat tern is an im po rtan t job to
m easu re the condit ion and changes of eco log ica l
environm en t in the T h ree Go rges.
　 In o rder to invest iga te the effects of the ongo ing
land u se dynam ics and landscape pat tern changes, tw o
coun t ies, w here the land u se has sign if ican t changes
after the river w as damm ed in 1997 and the am oun t of
m igran t is la rge, w ere selected. So the a im of th is
paper is to detect land u se dynam ics and quan t ify
changes in landscape pat tern s betw een 1998 and 2000.

R em o te sen sing is a pow erfu l too l tha t can p rovide
info rm at ion concern ing the landscape, such as land
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u se and land cover, and the size, fo rm and pat tern s of
fea tu res on the su rface of the earth, and the tem po ra l

dynam ics of the landscape. Bu t paradox ica lly, the

d irect im p lem en ta t ion of rem o te sen sing in landscape
research and its app lica t ion rem ain s rela t ively

scarce [ 7 ].

　D etect ion of land u se changes is one of the m o st

in terest ing aspects of the ana lysis of m u lt i2tem po ra l
rem o te sen sing im ages[ 8 ]. B ruzzone et a l. p ropo sed a

supervised non2param etric techn ique, based on the
"com pound classif ica t ion ru le" fo r m in im um erro r, to
detect land cover t ran sit ion s betw een tw o rem o te

sen sing im ages acqu ired a t d ifferen t t im es w h ich

a llow s the p robab ilit ies of t ran sit ion s to be est im ated

direct ly from the im ages under invest iga t ion [ 9 ]. It
p rovides rem arkab ly bet ter detect ion accu racy than the
" po st2classif ica t ion com parison " a lgo rithm , w h ich

does no t take in to accoun t the class dependence

ex ist ing betw een tw o im ages acqu ired a t d ifferen t
t im es. In th is paper, w e also adop ted the land u se

class dependence p robab ilit ies in to the com pound

m ax im um likelihood classif ier, and direct ly m ade the
landscape pat tern dynam ics m ap th rough the m u lt i2
date rem o te sen sing classif ica t ion.

2　M ethods

2. 1　Study area and da ta
　 Fengjie coun ty and W u shan coun ty, loca t ing on

Q u tang Go rge and W u Go rge, have beau t ifu l na tu ra l

landscape. T he m igran t set t lem en t p ro ject covers 18

tow n s of Fengjie coun ty and 17 tow n s of W u shan
coun ty, abou t 641010 m igran ts, 2, 436 km 2 land area,

eleva t ion ranges from 75 m to 2123 m and annual

average ra infa ll is 1039 mm , the clim ate type is
sou theast m ild m on soon clim ate of m iddle sub2t rop ic

zone. T he land u se and landscape pat tern s have

changed largely since the m igran t p ro ject con structed

in th is reg ion since 1998. T he rem o te sen sing data
u sed w as L andsa t TM 5 (pathörow 126ö28) of 29,

Sep tem ber 1998 and L andsa t TM 7 (pathörow 126ö38)

of 21, Feb ruary 2000. T he w ho le im age size w as
2521row s 3451co ls, and they w ere geo2referenced to a
30 × 30 m eter Beijing groundcoo rd ina te grid w ith a

nom inal geom etric p recision of 1～ 1. 5 p ixels sa t isfying

the m u lt i2date im age analysis. N earest2neighbo r
m ethod w as u sed fo r im age re2sam p ling in o rder to

p reserve the o rig ina l d ig ita l num bers fo r classif ica t ion

pu rpo se. A cco rd ing to Ch inese land u se classif ica t ion

system , w e w o rked ou t the land u se classif ica t ion
system fo r the T h ree Go rges reg ion ( tab le 1 ). A

specia l land u se type, D evelopm en t, w as added to the

classif ica t ion system ; it refers to the dep let ion of

vegeta t ion and top so il fo r the new con struct ion
m igran t tow n s, indu stry and traff ic, and p rim ary

farm land reclam at ion, bu t it w as st ill lef t barren a t

the t im e of the im age acqu isit ion. Together w ith the

band473 co lo r com po site im age, the in terp reta t ion
characters of land u se types w ere determ ined ( tab le
1).

Table 1　Land use cla ssif ica tion system and rem ote sen sing in terpreta tion characters

L and use type In terp retat ion characters

Paddy field m ild b lue, relat ively homogeneous, leaf fo rm , usually locate on the gentle slope zone of h illy land

A rable land ligh t b lue o r red, heterogeneous, spo t fo rm , scatter at the bo th sides of m iddle mountains o r h illy land

O rchard m iddle crim son, heterogeneous, large irregu lar spo t fo rm , usually locate on the slope zone of the w ater system o r valley

Fo rest scarlet o r brow n red m ixed gray green spo t, stripe o r flake fo rm , often found on the m iddle mountains o r h illy land

Grassland brow n o r gray green, heterogeneous, irregu lar stripe, round o r branch fo rm , distribu te on the slope zone of mountains

D evelopm ent
gray w h ite m ixed ligh t b lue, large regular o r irregu lar spo t fo rm , scatter on the slope zone near rivers and bank s of ditches
betw een mountains

Residen tial area dark b lue, heterogeneous, large spo t o r spo t fo rm w ith clear edges, locates the slope zone near w ater system o r sto rm ed crack s

W ater area b lack blue, homogeneous, line o r stripe fo rm

2. 2　D etection of landscape dynam ics by com pound
rem ote sen sing cla ssif ica tion
　L et u s con sider coup les of p ixels m ade up of a p ixel

of the m u lt i2spectra l im age acqu ired a t t im e t1 and a

spa t ia lly co rresponding p ixel of the m u lt i2spectra l
im age a t t im e t2; L et such p ixels be characterized by

the d2dim en siona l fea tu re vecto rs X 1 and X 2,

respect ively. L et 8 = {Ξ1, Ξ2, ⋯, Ξn} be the set of
po ssib le land u se classes a t t im e t1, and let V = {v 1,

v 2, ⋯, v n} be the set of po ssib le land u se classes a t

t im e t2. A change in the landscape con sidered coup le of

p ixels is detected if the tw o classes Ξj and v j , to w h ich

such p ixels are assigned, a re d ifferen t. A ssum ing the
p robab ilist ic dependence betw een the im ages a t the

tw o tim es derives on ly from the dependence of the

classes a t the tw o tim es, and one can w rite the

condit iona l jo in t p robab ility:
p (X 1, X 2öΞi, v j ) = p (X 1öΞi) p (X 2öv j ) (1)
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　A cco rd ing to the above fo rm u la, to perfo rm the
com pound classif ica t ion of tw o m u lt i2tem po ra l rem o te

sen sing im ages, the m u lt i2varia te no rm al d ist ribu t ion

m odel w as u sed to est im ate the condit iona l
p robab ilit ies p (X 1öΞi) and p (X 2öv j ) by the classes

t ra in sam p les each independen t ly. H ere, the p rio r

jo in t p robab ilit ies w ere est im ated on the loca l w indow
region in stead of the w ho le im age, becau se the loca l
sta t ist ics in im ages can differ sign if ican t ly from global

sta t ist ics[ 10 ] , Second, the loca l sta t ist ics can converge

faster than the g loba l sta t ist ics. T he size of the
w indow s w as 100 × 100 acco rd ing to V anzyl and

Bu rnet te and stop the itera t ive com pound classif ica t ion
after eigh t t im es[ 10 ]. T he adap t ive p rio r jo in t

p robab ilit ies fo r cen ter coup le p ixel w ere ca lcu la ted
th rough the fo llow ing fo rm u la:

p (Ξi, v j ) = N um (Ξi, v j ) ö10000 (2)

W here, N um (Ξi, v j ) is the num ber of coup les p ixels

assigned to class Ξi a t t1 and to class v j a t t2, 10000 is the
num ber of coup les p ixels included in the 100×100 size

w indow.

　 In bo th t im es, 17 spectra l classes w ere iden t if ied.

O nce the im ages w ere classif ied, these spectra l classes
w ere then am algam ated in to the land u se class is be

listed in tab le 1. P rio r to im age classif ica t ion, a field

trip w as m ade in O ctober, 2000 and at ten t ion w as
given to the areas undergone change w ith the a id of

hard2copy im ages of bo th t im es. T ra in ing areas w ere

selected by u sing 1∶50 000 land u se m ap s and the

ground data co llected du ring the field trip. Becau se no
o ther sou rces m ap w as availab le in d ig ita l fo rm , w e
u sed the con tex tua l co rrect ion techn iques w h ich

Groom et a l. developed to m ake im p rovem en ts to

spectra l classif ica t ion [ 11 ]. Excep t tha t, becau se no
w ater w as sto red in the reservo ir, so the residen t ia l

a rea and w ater area of 1998 did no t change in 2000. In

the com pound rem o te sen sing classif ica t ion, the p rio r
jo in t p robab ilit ies of residen t ia l a rea and w ater area
w ere set to 1. 0 separa tely.

2. 3　Landscape m etr ic ca lcula tion
　 In o rder to assess the landscape pat tern on the
spa t ia l and tem po ra l dom ain s, w e u sed

FRA GSTA ST S3. 02 softw are to ca lcu la te the

landscape m etrics fo r the tw o tim es land u se m ap ,

w h ich include num ber of pa tches (N P) , pa tch den sity
( PD ) , landscape shape index (L S I) , la rgest pa tch
index (L P I) , m ean patch area (A R EA _ M N ) , m ean

fracta l d im en sion index (FRA CT _ M N ) and con tag ion
(CON TA G ) at class and landscape level. W e also
ca lcu la ted the shannon diversity index ( SHD I) a t

landscape level.

3　Results

3. 1　Land use changes
　W e evalua ted the accu racy of the classif ica t ion
resu lts of the tw o years on the basis of confu sion

m atrix, acco rd ing to the invest iga t ion ground true

da ta. T he to ta l accu racy and kappa coefficien ts are a ll

over 0. 8 [ 12 ]. P ropo rt iona l land u se ex ten t as to ta l
hecta res, percen t of the reg ion and rela t ive land u se

change ex ten t and percen t are d isp layed in tab le 2.

T he tran sfer m atrix of d ifferen t land u se types of the

tw o years ( tab le 3) dem on stra tes the d irect ion and
ex ten t of change am ong differen t land u se types. F rom

T ab le 3, w e can see tha t 22. 9% to ta l a rea has been

changed w ith in a ha lf and one year. A ll land u se types
excep t w ater area changed obviou sly on area and

percen tage ( tab le 2). T he land u se types having m o st

rem arkab le change w ere developm en t, o rchard,

grassland and arab le land.

　1) D evelopm en t changed m o st obviou sly du ring th is

phase, increasing by 4800. 8 hm 2, abou t 626. 6%
( tab le 2). T he reason is tha t the speed of con struct ion

of m igran t tow n s, indu stry and p rim ary farm land
reclam at ion w as faster after dam. T he increased

developm en t m ain ly cam e from the arab le land,

o rchard, fo rest and grassland of 1998 separa tely
( tab le 3). O n the o ther hand, on ly 20. 2% of the
developm en t of 1998 tran sferred to d ifferen t land u se

types of 2000 becau se of the developm en t of 1998 no t

su itab le fo r d ifferen t land u se; the o ther reason is tha t
the m igran ts d id no t have enough m oney to recla im the

p rim ary farm land and st ill w aited m o re inpu t from the

governm en t.

　2) O rchard increased by 17186. 4 hm 2 in th is phase,

abou t rela t ive 178. 8% , occupying 11. 0% of to ta l a rea

in 2000 from 3. 9% in 1998 (T ab le 2). T he T h ree

Go rges reg ion is su itab le zone fo r o ranges, so

m igran ts st reng thened the con struct ion of o range
o rchards, t rea ted the p roduce of o ranges as the ro le

indu stry in the econom ica l developm en t.

　3) Grassland increased by 7745. 9 hm 2 in th is phase,

abou t 64. 8%. T he increased grassland m ain ly w as

com po sed from arab le land and fo rest of 1998 ( tab le
3). T he m ain reason is the con struct ion of eco log ica l

environm en t th rough the regrass from the arab le land
and fo rest degrada t ion.

　4) A rab le land in th is phase decreased by 18567. 9

hm 2, abou t 27. 6% ( tab le 2). T he decreased part w as
tran sfered to 1679. 7 hm 2 paddy field, 12397. 7 hm 2

o rchard, 2867. 7 hm 2 fo rest, 8422. 0 hm 2 grassland,

2631. 5 hm 2 developm en t, and 118. 2 hm 2 residen t ia l
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area ( tab le 3 ). T here are tw o reason s fo r th is
decrease, one is the con struct ion of eco log ica l

environm en t by afo rest and regrass on the steep slope

arab le land in the m iddle and upper reaches of the

Yangtze R iver after the la rge flood in 1998. T he o ther
reason is the m igran t reset t lem en t and the ad ju stm en t

of agricu ltu re st ructu re occup ied the arab le land.

Table 2　Proportiona l land use exten t as tota l hectares, percen t for the reg ion

and rela tive land use change exten t and percen t (1998 and 2000)

1998

areaöhm 2 %

2000

areaöhm 2 %

1998～ 2000 changes

areaöhm 2 %

Paddy field 6272. 4 2. 6 7134. 5 2. 9 862. 1 13. 7

A rable land 67354. 6 27. 6 48786. 7 20. 0 - 18567. 9 - 27. 6

O rchard 9614. 0 3. 9 26800. 4 11. 0 17186. 4 178. 8

Fo rest 137289. 7 56. 4 124804. 3 51. 2 - 12485. 4 - 9. 1

Grassland 11962. 5 4. 9 19708. 4 8. 1 7745. 9 64. 8

D evelopm ent 766. 2 0. 3 5567. 0 2. 3 4800. 8 626. 6

Residen tial area 1871. 0 0. 8 2248. 9 0. 9 377. 9 20. 2

W ater area 8558. 7 3. 5 8558. 7 3. 5 0 0

Table 3　Land use cla sses jo in t matr ix as hectares between 1998 and 2000

2000

Paddy field A rab le land O rchard Fo rest Grass land D evelopm ent Residen tial area W ater area

1998

Paddy field 5184. 8 0 817. 4 0 0 192. 2 77. 9 0

A rable land 1679. 7 39237. 8 12397. 7 2867. 7 8422. 0 2631. 5 118. 2 0

O rchard 256. 7 2033. 4 7126. 5 0 0 82. 5 115. 3 0

Fo rest 0 5475. 8 5779. 9 119666. 5 5677. 6 636. 7 53. 1 0

Grassland 0 1966. 7 696. 1 2252. 3 5592. 5 1450. 8 4. 0 0

D evelopm ent 13. 3 73. 3 62. 9 17. 7 16. 3 573. 3 9. 4 0

R esiden tial area 0 0 0 0 0 0 1871. 0 0

W ater area 0 0 0 0 0 0 0 8558. 7

3. 2　Landscape pa ttern changes
　1) L andscape level changes
　 T he ca lcu la t ion resu lts of d ifferen t landscape

m etrics a t landscape level a re d isp layed in T ab le 4. W e

can see tha t N P and PD , w ith the reset t lem en t of
m igran t in the T h ree Go rges, increased rela t ively

abou t 29. 5% since the T h ree Go rges damm ed success2
fu lly on the Yangtze R iver. It reflects landscape in

th is reg ion becam e m o re fragm en ted. T h is a lso cau ses
the average patch area decreased from 4. 605 hm 2 in
1998 to 3. 555 hm 2 in 2000, abou t 22. 8%. A t the

sam e tim e, it b rings abou t the decrease of L P I, w h ich
felle from 15. 819 in 1998 to 15. 129 in 2000. O n the

o ther hand, du ring th is phase, the st ructu re of

landscape w as m o re com p lica ted, the L S I ro se by
17. 7% , w h ich m ean s tha t the shape of landscape
becam e m o re irregu lar. T he CON TA G decreased by
13. 9% , from 58. 016 in 1998 to 49. 610 in 2000. It

a lso m ean s the m o re fragm en ted. T hat SHD I ro se

abou t 19. 7% becau se the land u se types w ere w ell2
dist ribu ted on the T h ree Go rges reg ion.

Table 4　Landscape m etr ics and rela tive change exten t and percen t for landscape level (1998 and 2000)

N P PD L S I L P I A REA _ M N FRA C_ M N CON TA G SHD I

L andscape

level

1998 52909 21. 716 111. 810 15. 819 4. 605 1. 040 58. 016 1. 221

2000 68529 28. 128 131. 556 15. 129 3. 555 1. 042 49. 610 1. 462

Change 15620 6. 412 19. 746 - 0. 690 - 1. 050 0. 002 - 8. 046 0. 241

% 29. 5 29. 5 17. 7 - 4. 4 - 22. 8 0. 2 - 13. 9 19. 7

　2) L and u se class level changes
　T he landscape m etrics of d ifferen t land u se types are

listed in tab le 5. A cco rd ing to the tab le 5, a ll land u se

types excep t the w ater area changed in varying

degrees. T he m o st rem arkab le changes occu rred on
developm en t, o rchard, grassland and arab le land.

W ith the set t lem en t of m igran ts. D evelopm en t’s N P

and PD increased by 267% under the condit ion of the
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rela t ively increase by 626. 6% on area. So its average
area of pa tch ro se to 1. 340 hm 2 from 0. 667 hm 2 in
1998, its L P I increased by 420. 8% , and its CON TA G

and FRA CT _ M N ro se sligh t ly; its L S I increased by
181. 9%. T hese changes of the indexes show tha t the

developm en t, under the com p lica ted m oun ta in

circum stance, had to su it loca l condit ion s and the

landscape shape becam e m o re com p lica ted. T ab le 5

show ed tha t the increase of N P and PD of o rchard

w ere sm aller than tha t of its a rea; so its average area

of pa tch a lso ro se to 3. 143 hm 2 from 2. 323 hm 2 in
1998, its L P I a lso increased by 182. 0%. Its L S I

increased by 181. 9% , w h ich reflects tha t the o rchard
landscape shape a lso becam e m o re com p lica ted. Bu t

the increase of N P and PD of grassland w ere b igger

than tha t of its a rea, so its average area of pa tch and
CON TA G dropped and its L S I and L P I aro se. W ith

the area decrease of arab le land, its N P and PD aro se,

so its L P I decreased by 53. 8% and L S I a lso dropped.

A ll these changes show the arab le landscape shape
becam e sim p ler sligh t ly. A cco rd ing to the upper

ana lysis, the landscape changes of developm en t and

o rchard w ere qu ite d ifferen t from tho se of arab le land

and grassland tha t becam e m o re fragm en ted.

Table 5　Landscape m etr ics and rela tive change exten t and percen t for land use cla ss (1998 and 2000) %

N P PD L S I L P I A REA _ M N FRA C_ M N CON TA G

Paddy

field

1998 11120 4. 564 23. 081 0. 042 0. 564 1. 045 0. 756

2000 12838 5. 269 25. 723 0. 037 0. 556 1. 043 0. 757

Change 1718 0. 705 2. 642 - 0. 005 - 0. 008 - 0. 002 0. 001

Change percen tage % 15. 4 15. 4 11. 4 - 11. 9 - 1. 4 - 0. 2 0. 1

A rab le

land

1998 13754 5. 645 78. 735 1. 337 4. 898 1. 035 0. 885

2000 16963 6. 962 76. 111 0. 618 2. 876 1. 042 0. 861

Change 3209 1. 317 - 2. 642 - 0. 719 - 2. 022 0. 007 - 0. 024

Change percen tage % 23. 3 23. 3 - 3. 3 - 53. 8 - 41. 3 0. 7 - 2. 7

O rchard

1998 4105 1. 685 17. 493 0. 155 2. 323 1. 050 0. 883

2000 8527 3. 500 39. 713 0. 437 3. 143 1. 047 0. 886

Change 4422 1. 815 22. 220 0. 282 0. 820 - 0. 003 0. 003

Change percen tage % 107. 8 107. 8 127. 0 182. 0 35. 3 - 0. 3 0. 3

Fo rest

1998 11763 4. 828 76. 414 15. 819 11. 673 1. 037 0. 909

2000 10599 4. 350 69. 632 15. 129 11. 777 1. 038 0. 919

Change - 1164 - 0. 478 - 6. 782 - 0. 690 0. 104 0. 001 0. 010

Change percen tage % - 9. 9 - 9. 9 - 8. 9 - 4. 4 0. 9 0 1. 1

Grassland

1998 4422 1. 815 19. 882 0. 176 2. 705 1. 051 0. 890

2000 8541 3. 506 33. 840 0. 327 2. 308 1. 047 0. 874

Change 4119 1. 691 13. 958 0. 151 - 0. 397 - 0. 004 - 0. 016

Change percen tage % 93. 1 93. 1 70. 2 85. 8 - 14. 7 - 0. 4 - 1. 8

D evelop2
m ent

1998 1132 0. 465 5. 071 0. 024 0. 677 1. 037 0. 799

2000 4155 1. 705 14. 294 0. 125 1. 340 1. 047 0. 846

Change 3023 1. 24 9. 223 0. 101 0. 663 0. 010 0. 047

Change percen tage % 267. 0 267. 0 181. 9 420. 8 97. 9 0. 1 5. 9

Residen tial

area

1998 4428 1. 817 9. 250 0. 056 0. 423 1. 034 0. 750

2000 4721 1. 938 10. 134 0. 067 0. 476 1. 035 0. 763

Change 293 0. 121 0. 884 0. 011 0. 053 0. 001 0. 013

Change percen tage % 6. 6 6. 6 9. 6 19. 6 12. 5 0 1. 7

W ater

area

1998 2185 0. 897 11. 671 2. 626 3. 917 1. 039 0. 922

2000 2185 0. 897 11. 671 2. 626 3. 917 1. 039 0. 922

Change 0 0 0 0 0 0 0

4　D iscuss ion and conclusion

　T he second phase of the T h ree Go rges P ro ject w as

from 1998 to 2003, its m ain ob ject ive w as the

reset t lem en t of m igran t of the loca l residen ts, w ho
lived under the con servancy inundat ing level w ho se

a lt itude is 135 m , and it w as the crit ica l phase. T he

u se of m u lt i2date com pound m ax im um likelihood

classif ica t ion con sidering the land u se class jo in t p rio r
p robab ility to d irect ly p roduce the landscape pat tern

dynam ics and land u se m ap has been a success in term s

of ach ieving its o rig ina l goa ls. Spo t, o ther h igh spa t ia l

reso lu t ion im age and the d ig ita l ancilla ry info rm at ion
are con sidered to im p rove the m on ito ring accu racy in

the fu tu re w o rk. Becau se of the reset t lem en t of

m igran ts and the con struct ion of eco log ica l
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environm en t from Sep tem ber 1998 to Feb ruary 2000,

the land u se and landscape pat tern of the T h ree

Go rges changed sign if ican t ly.

　1) Since the R iver w as damm ed in N ovem ber 1997,

the area of the land occup ied by the m igran ts ro se

steep ly. T he developm en t added up to 5567. 0 hm 2 in

Feb ruary 2000, w h ich w as 1104. 8 hm 2 b igger than the
area tha t w as p lanned by the tw o coun t ies, abou t 4462

hm 2 [ 13, 14 ]. T h is phenom enon resu lts in a w aste of land

resou rces, the expan sion of developm en t m u st be

con tro lled, the tran sfer of developm en t to the o ther
k inds of land u se types needed in set t ling m igran ts

m u st be qu ickened. In the land u se structu re of the
tw o coun t ies, o rchard ro se la rgely, occup ied 11% of

the to ta l land area in 2000, abou t 5. 1% b igger than
the quan t ity p lanned, w h ich is abou t 5. 9%. T h is

m ean s tha t m igran ts pu t their econom ica l em phasis on

o rchard. O n the o ther hand, the con struct ion of

eco log ica l environm en t w as rela t ively st reng thened.

T he area fo r p lan t ing fo rest and grass from arab le land

is p lanned 19. 3%. F rom the resu lts of ou r m on ito ri2
ng, th is job has been fin ished abou t 86. 5%. A t the
sam e tim e, t rees w ere p lan ted on the grassland

su itab le fo r fo rest. A cco rd ing to the p lan, 27%

grassland w as tran sferred to fo rest. A bou t 70% job

has been fin ished. T he m igran ts need to p lan t crop s to
m eet their food requ irem en t, so abou t 2. 3% arab le

land w as p lanned to recla im , bu t the m on ito ring

resu lts w as 11. 0% m uch b igger than p lanned. T h is

part of arab le land w as m ain ly tran sferred from fo rest
and grassland resou rces, so it cau sed part fo rest

degraded to grassland. Fo rest, the b iggest in the land
u se structu re of the T h ree Go rges, w as p lanned to be
55. 46% of the to ta l land area, bu t its rea l a rea is
51. 2% th rough m on ito ring. Fo r the landscape pat tern

of the reg ion, it had m o re fragm en ts, m o re com p lica te

st ructu re and low er con tag ion. T he average patch area
of developm en t and o rchard w as b igger, bu t tha t of

arab le land and grassland w as sm aller. F rom the

m on ito ring resu lts, the land u se changed, no t in the

good o rder m anagem en t, a re qu ite d ifferen t from the
p lan. So p lan m anagem en t and land u se con tro l a re

im pera t ive in the reg ion.

　 2 ) T he reset t lem en t of m igran ts resu lted in the

rem arkab le change of land u se of the reg ion. So th is
a lso cau sed m any p rob lem s on land u se. O n one hand,

affo rest and regrass arab le land on the steep slope are

needed to im p rove the eco log ica l environm en t quality.

O n the o ther hand, the so il ero sion is aggrega ted
becau se of recla im ing large quan t it ies of arab le land on

the steep slope. T he scope of developm en t w as so

large tha t occup ied arab le land and resu lted in the
w aste of land resou rces. A t the sam e tim e, it occup ied

fo rest and grassland resou rces so tha t the eco log ica l

environm en t is w o rse, the reg ion so il ero sion area

expand to 46. 7% of to ta l land area [ 12 ]. Bu t the quality

of new 2bu ilt o rchard is bad, o rchard w ith low

p roduct ion is abou t 44. 18% of the to ta l a rea of

o rchard [ 12 ].

　 A cco rd ing to the p rob lem s on land u se and

eco log ica l environm en t in the reg ion due to the

reset t lem en t of m igran ts, the fo llow ing suggest ion s

w ere go t ten:

　 1) Con tro l the scope and the expanding speed of

developm en t, w h ich shou ld occupy arab le land o r good
quality land as less as po ssib le; on the o ther hand,

m ake fu ll u se of the developm en t w h ich has a lready

been exp lo ited to set t le the m igran ts. A t the sam e

tim e, affo rest and regrass are no t su itab le fo r the

developm en t.

　 2 ) Q u icken affo rest ing and regrassing. Con tou r
cropp ing, terrace changing from steep slope and

b io log ica l hedge, etc, m easu res are u sed to lessen the

so il ero sion in the reg ion tha t cou ld no t affo rest and

regrass in t im e. O n the o ther hand, bu ild fields w ith

h igh and con stan t p roduct ion, and change in to

in ten sive cu lt iva t ion. A t the sam e tim e, stab ilize the

fo rest a rea, qu icken the tran sfo rm of fo rest w ith low
quality, and p lan t t rees on the grassland su itab le fo r

fo rest, devo te m ajo r effo rts to develop ing an im al

hu sbandry and m ak ing u se of grassland resou rces. A t

last, the eco log ica l m anagem en t and exp lo ita t ion in

th is reg ion shou ld be tack led on the basis of

w atersheds.

　3) Con tro l the sca le of m igran ts and com b ine the

m igra t ion w ith the set t lem en t in o ther p rovinces to

reduce the p ressu re on the T h ree Go rges land

resou rces.

　4) Evalua te the land su itab ility, exp lo it a ll k inds of

land resou rces, and enfo rce the supervision of the

execu t ion of land u se p lann ing.

　 5 ) M ake fu ll u se of rem o te sen sing techn iques,

bu ild long2t im e and con stan t m on ito ring cycle,

m easu re the land u se and land cover change and the

environm en ta l effects, serve the su sta inab le

developm en t of the reservo ir reg ion and the upper,

m iddle reaches of the Yangtze R iver.
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长江三峡库区移民工程土地利用和景观格局变化遥感监测研究

孙丹峰1, 李　红2, 林　培1

(1. 中国农业大学土地资源管理系, 教育部土壤- 植物相互作用过程实验室, 北京 100094; 　2. 北京农林科学院, 北京 100089)

摘　要: 自 1997 年中国三峡大坝成功截流以来, 对库区土地利用和景观格局产生复杂影响。该文采用遥感技术和景观格局
评价方法对奉节和巫山两个移民大县在 1998 年到 2000 年的土地利用变化进行监测研究。在大江截流后一年半时间内, 该
区域 22. 9% 土地利用发生了变化, 表明移民安置工作速度显著加快。新开发用地变化最为明显, 增加 4800. 8 hm 2, 扩展
626. 6%。而耕地面积则减少了 18567. 9 hm 2, 下降约 27. 6%。这些土地利用变化导致区域景观发生了变化。斑块密度增大
了 29. 5% , 连通度下降了 13. 9% , 表明移民安置导致区域景观进一步破碎化。景观形状指数上升了 17. 7% , 斑块形状进一
步复杂和不规则。研究结果表明土地利用变化并未按照移民安置规划有序进行, 应进一步控制新开发用地扩展速度和范
围, 对不适合农业用地的新开发用地及时进行退耕还林草工作。
关键词: 土地利用; 景观格局分析; 遥感技术; 影像分析; 长江三峡库区; 移民安置
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