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Dynamic analysis of urban landscape using a modified conversion

matrix method: A case study in Nanchang City

ZENG Hui, GAO Ling—Yun, XIA Jie ( Department of Urban and Environmental Sciences, Pclc‘z'n,g
University, Beijing 100871, China). Acta Ecplogica Sinica,2003,23(11):2201~2209.
Abstract . In this paper, we used TM satellite images of Nanchang City from five different periods between
1988 and 2000 to conduct a dynamic urban landscape analysis. Using a modified conversion matrix method,
we calculated the conversion probability matrix for al! the landscape types. We rely primarily on three
parameters-conversion-in rate, conversion-out rate, and specific conversion process contribution rate-to
analyze the landscape changes and the driving mechanism behind these changes.

it was found that dramatic changes in landscape structure occurred in Nanchang City during the study
pericd. Because of the rapid urban sprawl, there was an increase in urban land use and concomitant decline
in forest land, farmland, and water bodies. Dominant process analysis shows considerable conversion from
agricultiiral land and natural landscapes to urban ones, with complicated inter-conversion ameng the other

landscape types. In particular, we also noticed the dominant conversion to farmland as an important
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process to landscape dynamics.,

Analysis on the combination of conversion-out and conversion-in rates indicates that farmland has kepr
high conversion-in rete as well as high conversion-out rate. Water body conversion is affected by both
urban development and agriculture management, and is strongly constrained by hydrological changes.
Because of the unique topography of the study area, forest land is the most stable among all the landscape
types. Grassland and shrub have always had high turnover rates. Conversion of bare land is exceptional
as it is strongly constrained by hydrological changes as well as large-scale urban development activities.

The main dynamic changes in the study area were primarily conversion from farmland to built-up areas
and from other landscape types to farmland. Urban development is the driving force behind the dramatic
change of the landscape structures in the whole study area. Needs for the stability of agricultural
management is the direct reason for the dominant conversion processes from other landscape elements to
farmland. Natural environment conditions like topography and hydrological changes are secondary
constraint forces upon the conversion of forest and water body. but have primary effects upon some
specific dominance conversion process, e.g. from farmland ta water body.

The medified conversion matrix analysis is an effective method for studying landscape dynamics. But
it should be complemented by some supplementary analysis methods that can reflect the importance of
basic landscape types and their conversion processes. Only in this way. can the various conversion
processes in the dynamic landscape change be effectively characterized, and in turn facilitate the subsequent
analysis on the driving mechanisms of landscape dynamics.

Key words : landscape dynamics; conversion matrix analysis; process analysis; Nanchang City.
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BHAERERBALABY GRAMANENSRE WK A EENESTR, RTHLEEY
HERRRASBEETRALANBREEREBATAC S FARMASZAHEFEBIRR FRT#
RHBYT RBmROEEN EEHARTE A KBREEFSEANEERFBRAESAHE". 48
EREXEEHERNERAEE . EREFANERYR M TFERRTANEXRRAE, A HRERTH
ARHA ERURRUANERIZT EAFRURERALTRPER RBLEASFNBEE &
EERTRAE R EENERSNANE.

EEMREERASETANERE IR — LRARSENERNEN T A BB EAXRGRH
PR, A TFHBHEN AT FZRAFWHEBENRAAR RS MER XX TT
BEETRZRVDSELEIEAL AL RERARAESERE - ANA S R ELIRTR BN
EHBEURALBAIHBRALH RN RUASELORINAHARRBUET IOER. AT
HEHEHRE NG ERSA GIS HANERT FHATHRRNEF B RRES S 7R RR
HSHBHABEART. UREEHA IR EREASTAIBPOBE SR AN ETAIHEN
2 iy U 50 75 20 b P I B 3R 3 BL AN B 42 A7 40 K B T ik i 4T,
| HREMEHE
1.1 HHEEHEAN

HEMEKGTFRILHEN T EANFROTEREE BELF RS 115°27 ~116°37 . 4L & 28°09
~29°11, B E B 540km® SYBE HE . AM . AMAEZH S5 K. BAD 430 FA NBB A4 R L
AEMIRENE. THARABENUAR IR . BT ABIERAR AT PLERES B RKW
BRABMAORTH AR RIALLMELEMME R ERK GEEXMEBLRAELBNEREE
SRARFHBETAT T RNEARS SN BRLCBBE I ERRE BHEEERT. RA —w Bk
EHERFRMXBHUATH -ENRTEIRRT.
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1.2 EENBURE R ML E

7 B 5 3 R MHE #R 0 1988.,1991,1994,1998 F1 2000 % 5 MATEE TM LEEBBUE. FH] Erdass. 4
FEATERELABEERATIRETHRUSXSHE, ERAASLXEREN . AR RA SRR 404
WEOBELANPY TR . UK MENAMERAAFAFANBRE Y EFFN HETUT 7 #H
BRASLER B (RESRERLEZ BT, A Aok s R AR (RE
UKD KR ORI L RTHEAKRE) ME  (ERB A FNRE. R ESnfbRLFa
REMBBERR = E—F " THAMERE A . SHREWHE T ARG A 33 M m s kk
BEAT T B B B B A 2, 2R U5 R A BT A X s 0 B L B R A B R A R 4 I DR R R L 45 B
ERBERATHRMRMEASHRMBERE, Hh SHBEWBARES R NGB 101988~ 1991 ). 8
B 201991~1994 ) Br B 3(1994~1998 45 Y FIB B 401998~ 2000 4,

RESENEY GBI TAME SEXREAN L BAAAST S Y ELEENEEARER. &
GMEERRUASAEDHRE 0L ENIGEREE RESHHESBBELH 5 AU LTSS
B, FRAFHFAESNTERRERARRHABEESA. AR ILEREETT HAEVIZ ARERE
BARE. SREFETRRETEHEHAAAERM (EKEYERZHEHEZRX, REBARENER
) ARHAEEFRBETRARTN LB TRER. IREERNERE XHNEDNSER
BMARFEET FATENERLT 200 PHALE HEFHEARETRT BT THNENS LR
R AR TR ASEERAMBERNLBAREAER, $XRNBESRAZRNRBSRE
X b A HT 18 5 DR 40 IR AR A3 25 0 B R ZE 88. 5% (1991 4E)~93. 3% (2000 4E) 2], BAEfra Ak
I 4 7= 1 E (producer’s accuracy) £ 86. 1% (1991 £ A\ ) ~ 100% (2000 4 K4 2 [ ; 55 2 06 B (user’s
accuracy ) 84. 9% (1991 4F 3 A )~ 10054 (2000 4E Ak 4) 2 /H]. 1988 £ & 2000 E THERNREES L
[

1.3 Wk

ETHNFHBMBEE ANR TR RTHERBEAFRERA SN A ETLRR . R AR
HANRBEPRUATREETEHLID REEAHNT 3 HHARSHRELK,

(OEEHIHATARESY KHOBRAAS MY —SERREAAEANERSRRAEEEE
RAOWH. ZEHRTRATHREARASERAGZEAOEATRITRARIEOER HELSD
F:

Tii = 2AjE/At
A, A BB AT B A BOTE. A HENADIRES LWL, » YR RESMHEY
Y (FRED,

ORERABHTAREEYN HEA-BTRAAI AR UAS BN TR SBERLE S S
RAKH. ZSRTATFUREARGAERADZEANEHABRITHREIRNNER . HEA D
T

Toi = ﬁinj/Az

AP Aij AR A RE i RAPHAEATH.

OFERPIRARESLY K- TAGREIRMNBRSERSBRLEBREROLA. Ze%
ARATHERADSEAIRFHERUKBIBNEEHRELS RO MT.

Tpi = Aij/At

WHNRER HRBIHARRRNE S EFRHBRNNRSHNE EAFELHRT AR EHY
HREREN ., ARt EAmT.,

BRi = BAi/TAi
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B BRI AR -WHNERE  MERANKREE. B4 ALEHBENEERETAOE R
HAER.TA R EENEFHEAT N EER.
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Fig.1 Landscape interpretation maps of Nanchang City in 1988 and 2000
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BRI EAN ST RN AME T KR TR N RRARS £ BETRNARERN. A
ARBRAANTABLEEE D ALSRRASFEHEEZ109) RESEABEAREN K, b,
REMKEHBEFRE. BAHHENARNRLERES AR EEBEHES. B3 HREBAL
fLERMAAEARERRRSETROSH. RERRERLEASH LN, HEARBHT RS
K RMEBNEGRERNDRAR AFREFAVEEEN LEEEVENFTER. XMHMI—ES
FRRH FRALDAFHAMETELHEE, HRANERARWEER S BRETRX AR R
WRMBT KRN LB AT CESMARKERAEERNEEBE.

1 HRNRARRASTLNE

Table 1 Changing condition of different elements during the study period

1988 SER A 2000 EFHBILE ThER EwpE

Area percentage Area percentage Total change area Rate(hm?/a)

of 1988(%) of 2000{ %) (hm?)

B Forest 43.87 41.73 - 1157 —06.4
4 M Farmland 28.85 26.72 —1149 —95.8
@AM Built-up 10.25 17.33 3819 318.3
A4k Water 11.61 9. 60 —1083 -90. 3
MM Grass-shoal 2.88 2.22 - 1358 —29.8
M Shrab 2.29 1. 44 —458 —38.2
il Bare-land 0.25 0.97 385 32.1

HARY

Element type

ERASWREFEEEEENBER L EGSRAFHRL. RERERBEANTRAEEFHE
ARME AARREASEIEHBUBRTHTASETUEIREEMURNE. I HERERE ¢
A HC B B Y bR B AR B PS4 L 9574 5 3ok i E T e ) R O IR 4 R B EE 90
b R ER RN TFREAE FHEAD 0%, MAKNREEMNIERTRE, FYHE 154E
H. EF3HAEREENRRALXVFEEFEME, FHBFEL 0%, R ERNAI—TBFHE
BREARLBNE ASNREREARBEMESIH . ARETIHEEANRRGEARARERETHS
M. DEXERARHERLRANHNAE, FEALENBRMHIRBRESTTREFER. X257
A—PNEER A MBS EMEEEEEREERTFE/RTAMNURTRRS ST, TR R~
ﬁkﬁé[a.n.ma

MR A S A S ¥5SA0R 8 RN %2 ARNEARASRBRROD
FH EEHTARANERE ML TR LB EEA Table 2 The preserving ratio of landscape elements during
BFLA N E . B 6 LM F R WAL gy g the different periods (%)

EAARELR RERNASOREEpERy AIRE o BB pR RES - REs

Element type Stage 1 Stage 2 Stage 3 Stage 4
FABRRADRE, HAMEH TEXNERLE $t Forest 95.66 97-32 95.75  97.97
BAMRBASRD AEBELY—HRERR 4@ Famland 91.08  90-10 82.92  92.46
R AP RU H R R AR R 5 X MM Buili-up  98.5¢  97.83 92,89 93.97

REGREETELS. M, A EHEBHEE  KE Warer 71.18  77.20 87.51 72.24
EE LA RS LA S R S A % Grass-shoal 44.26  40.96 40,77  58.47

N # M Shrub 50.17  69.51 36,90  41.48
R TFRT RS AR RKNEBRER 4. WX Wb Naked-land 52 39.58 10,60 6237

R MBI SCE LR AL AR R
FERRBGE T N B R A A TS, M RIS T 3808 ) AR B A 3B =, A b s R R e ROMA
AREEBLUEFHREITRD HHRRBAANKENREEREAR LY KE, TERKTR
THELRBRRRNGR,

2.2 FORH A/ BB
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HFRAAMHBEEIHMENEANERUTHEZLGERTUMNATRL EZREERR
AHAR BHUFSHEEENEMHRARATHRAEAL A SN EHHEL. S ERLEHRRA
o HE LB BN BEREATERL BN TENRAANSEARESIFTS OFAEEENMH,
Bt B B KM AP 2R K MR BB A AN E T L RFEEMNRERRA. ILEIEFR
ARARBMAFEBFTERRBEECTREAMER . EXFATHESBATREAE HARER T
WO LUE E I W AR RS S R B AR A RSO, AR R 3 B,

%3 RAASHEATEH TRE D)
Tabie 3 The contribution rates of conversion-in and conversion-out for different landscape elements (%)
W& M EET RRAE Ak 3.1 i %3 i IS 3 ) &
Stage * Type Buil-up  Water Bare-land Grass-shoal Shrub  Forest Farmland
BrE 1 # A Conversion-in 20. 65 2. 86 2.34 111 12.57  13.98 36. 49
Stage 1 & Conversion-ont 1.38  30.77 1. 37 14.78 10.52 17,50 23 69
B8t 2 ¥ A Conversion-in 20.00  17-46 12. 64 13.82 5.43  8.58 22.07
Siage 2 % il Conversion-cut 3.12 22. 71 2,52 14.43 8.91  13.54 34.77
g3 4 A Conversion-in 22,44 36. 66 2.22 9. 81 6.78 5.73 16. 35
Stage 3 # it Conversion-out 7.70 7. 96 8. 63 11.29 10.97  14.36 39. 08
BBt 4 # A Conversion-in 28. 53 11, 92 7.78 9. 96 8.18 6.76 26, 86
Stage 4 ¥ Conversion-out 10. 37 35. 86 1.70 10. 21 10. 80 9. 34 21.72

* Stagel1(1988~~1591);Stage2([991~-1994) ;Stage3(1994~~1998); Stage4 (1998~ 2000)

W4 R A A RIS TRRMS (R DT LEA RS KRR HNEANEY R
W8RG T R S 3 AP AR E RS T IR R & st XL MR X P SR 4 3 1k A B A
MR . HPRERRSARRE—HRFERAE FHAREED 1995 FLUSHAERX QLR
B R HF AR T A B, AR B R R R R A E MBI E R X -8
FWHE. ROAZTHARARE—REHEEAFHFARENASLKE. BRERIVRBHFTR—HEEIAER
AR A R i T AR A BT, 7 MR M P A R T R R P R Rl LB R A M R R
Rl A, DKW L B Kk 2 7= R K L A 5% o TR B TR A TR
B,AHWRIMELEATRARKIESESATRECEEN . AR TR ELRELE
BOEME L BT 4 B SEREAT P K R K A S R B R R R A A KR

HeEM4HRRBMAAXET ROERARLERK. HEAH AR ARE—FRHFE 0XEH. B
FEHRRE AN EARHELER T RRELIRPE FRERN. FERFURREHEXTH
ARBRE . BREVBOFAHARAS  EMARINBEANEHRAE -ERFE DU EAHARE. B
FREMASLDERLER LA BERBSHBEMNEEARPERTFES T LA BN, XR
FRESHBRAERENARE, ARAFRERARAREN FRTSRARELEXFHRAARBRTS AL
RERETHBABRKKUNREEMLRERSEA XY, T EATREBMSKEESHAT -8
BERMES A -FERULEERVE TR REAUERGERAMAR AR, REARBR
BRSNS KY HE I BEROHERARERETER 198 SR UKHERUNER, MK E 2 ARE
APEREATRERKMEG THARARWEERANBEEIRTEATFEX "X RRALTE
A
2.3 RERBIERARESN

Fo PR oL R 00 TTRR S 3 07 7T LA 2 — o5 B4 S 3 B K B 9 54T 45 SR B BT 2L BE 0 36 B 2 3 R
WS AT FERNH . ARPHEFREXD OXNMEBHEIRMREE O EREEHAL
ZEAUHARANBRSEELBSRER AR RORBY K EESDONRBEBE 4 1%
B, X4 R PR T TR AR RSN 3 R R o 8w K, i P R R O
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MEBBERTRTSREROEH LR RAEERNARERLEFRENBEHTROBEHE T,
AERBRMEREERT Y AU BB ENEHLE.

S5 £ o 1 4 3K R B R B I B 4 A AR AL T LA B I T A IR R R RS B AL — S
1E. e S T M B S RS TE T A B B S IR B KK E R B 1 M4 A MR A R BB B E
M %R TREEE R EERARKEBTRENER 2 HE 0O FREZD 10.3%. 5RIBEAME
ABTRUER B 5307 R B K PR R R B TR T R A R

N4 FEANBNEBRRBTBERAARE (00

Table 4 The dominant conversion processes for different periods and their contribution rates (%)

SR Conversion type Bt B 1 Stage 1 BBt 2 Stage 2 Bt ER 3 Stage 3 B BR 4 Stage 4
(1988~1991) (1991~1994) (168¢—~1598) (1994~ 2000)

42— Farmland—Built-up 9. 27 9.75 14.76 15. 65

7K — 8 Water—+Built-up 9.282 6. 61

& =4 Water-~Farmland 15. 24 8.01 17.08

B+ & Grass-shoal—Farmland 8. 83 9. 48 5.1

#—+& Forest—=Farmland 9.31 6.08

M — & Shrub—=Farmlamnd 4.42

% — K Farmland—Water 12. 48 21.29

#— K Built-up—~Water 5.08 6. 84

7%+ Farmland—=Naked-land 10.23
A4t Total 51.87 50. 02 51. 63 51.28

REZBVAINUBHELEXURL, KE. SR AR EATRENEBIESR L&
MERERARBEERN, Kb, KEMNEREHR 2N INARIHREHEHIEAN LD Hh
MENB 1R IMAENFMRERNIRRLE RAMKHEBIRAEN B IHEM A RETR. &
MAREREAERBT TARNARTLIBFRRENERRRE R TREA SRR ERE.

AP RS B B AR 056 25 B o B DR T BB S B B 3 BRI R P R B R R R K R SR
AR 1998 ERANKMELFRMBRRBIR B IMERHEEXERBENAEIRR YN T
FRB#TRVAELEARENEN(TEREAEATALAAERERE)  MHE + i — 2Kk
REEREP K AEEEXTLEREANTIEET I HWAER. (DI ERAKSBZE, —EHEREK
FHRBRABHE, OBFFHMEAREAAEIRPFRTHIRAY: ORATERX DI R #H
HRERGRETAMT A RE .

2.4 RWHEEANBEREXMTRRES

FRAFERERY THFEEFERBARRESFHRANAENREHEERTRRRBE 2B
WX — ST AR ERRAA T AR AEASER, MRS A TR EY AR EEER
LHARRBGR. REE BN ANER AR ARREA SRR RN KES HER
ASNEHRARSESRTAIREKEREER2EFE"RROEEER. TUASREFARHR
HEATERRGSTHHERL BHAIBESENRRAMT KIBRLARTHRX, TR EER
b A e g B I 8 R R AP R X R AR RS L. BELXFRERTLUN TRRRWSHEE
RSP A AT TR BT ERREEXRAHSTANBERHE, R LEFSENREETREL
BHESHHESBREENEERE, § RN & F b FK TR R T 84 20 5 26 B Ik R Ak )
MENMEREREAREERAR EXEMABEELEN BT IRBE TR RBRERA.

HENEFEAINRESEARG -RRBFE LA TFRUSESHERE 10 REHFT
U G FHARBMBERGHFREE ETHERMEEHN IRV RDSHMNONARRE S
RARR . D—HRLURN—HHARNEFE. BREY—HEEHMARRULANERED SRR
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BHNEHASETEANERTE HERETENRAR IR SERURUSSHRIAPRY AN
pr—. AR HEEE T EEERAESIHEAT B HEERNESREA B - EHRiY,
EESEREHNERL A - AAESIEREERSHATIHE TUA R EHFRESXBAL
[ 4% 7 i 7 46 2 W a0 55 4k b B s ST A PR R L 26 T O BE A B UE Sh UL 2w R e AN SR 4 .

3 &

COFFS BB M S B o9 SR AS M R A T B 20 A9 18 %, Sak iy 2 1800 o 1 L L WK E S0 » M, 2
HAKESRBPASRHHARLENRER D, RBEBHBRRHARBS NG RIEL AFERR
VHARRRAS B HBSEBHRAN HEAFZAFFEREAMNEEIRELR SAARERE
AAEHBIBREREE. MNAK LR MERAKENHSBEHELERTAER L EAHNIBE,

(DMAEAEHFRSSHSNEREY BN EE - PRALARRAES  EH—ERN
BREERSEAMEL AR KEFBEERIMTERARLSERRERI . ER AKX EHHAN
WHLGERENEPEAT - AEEAERBEMAS LN . ERTEAESRKENBEEMALEER
MR RS EESNES AR MR ARSEREREZIAXELNER, B RBR S B
AT REDNRAAE,

MDEIABBERBURARGERAMRUANAREHELTERZRADSELHER. Bk
EBERAFHBRANEHRNASH T ERR . AVErS AN BFHTERROAYRBHBEER
AMEERE ABAKIELSARTARENABAKESESNBEEIRAFRBAREER,
MPEAAKEEBIENFEABLIBENHARGREER.

(OHPEBERENREDEHRN - BERTFE LALEE— H%@ﬁmﬁﬁmﬁﬂﬂﬁiﬁﬁ
FHGERIHFRER. A RSH KRR EFIAASENARRASBIEERRA S TP RHBUN
R ETHRMASEAVNMAFQELENFSE. AEANERER FXRBMESNHERBTLR
AMRBES MR TERRIIN.
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