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Abstract: Based on remote sense( RS) and geographic information system( GIS) technology, taking remote
sensing images of 2004, 2009 and 2014 as the main data sources, the temporal and spatial changes of land use
were analyzed by using land use dynamic degree and transfer matrix, and the ecological environment quality in
2014 was evaluated with the comprehensive index method in Xiamen City. The result revealed that during 2004
to 2014, the main land use types consist of built-land, forest land and cultivated land, accounting for more than
90% of the total area, of which the built-land area was the largest, followed by forest land and cultivated land.
The built-land was gradually increasing, the cultivated land was gradually decreasing, and the forest land was
decreasing slightly and tending to be stable. The conversion of land use types was mainly reflected in the buili-
land, forest land and cultivated land. The ecological quality index( EQI) was 83.35, which showed that the eco-
logical environment of Xiamen City was better as a whole, but there were obvious differences for the ecological

environment of each district. Tong’an District and Jimei District had higher biological abundance and vegetation
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cover, Siming District and Huli District were lower, Xiang’an District was in the middle value, and Haicang Dis-
trict underwent the most serious land degradation. Therefore, different levels of ecological environment protec-
tion strategies should be adopted for each administrative region.

Keywords: RS; GIS; land use; spatiotemporal change; evaluation of eco-environmental quality; Xiamen City
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ZPOR M E AR TR | JEAE, BAZ Ve B SRR T, R A T AR
7, BRI LR 256 R 1024k, SRR S R &AL, DRI TF R I M B 25 3
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FIR I A AR A A RE 05 R AR e N W I R 8 T8 vk R 3 4 Tt 388 71— b ) P B
SR A AE SR BOROC AT B0 AW 5 4087, M2 (remote sense, RS) . Hu¥{FE R4 (geographic

information system, GIS) %525 A5 8 H AR HAT Yol | AERRFISE A AR IO T Mo A FPIR 00 & AR (5 B
AIOEFA T sk [8] it =BG M, 454 T E PR TR AR, R il
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FERS RS, WFFT VLI IEE - M) P % 700 %) ik 2 R AE B A A BRBE R A 0, ;. SCiik [ 10] A
TERS GIS BRI =AM AR BGEASR , 20T 2000—2017 4E R + A 28 4k 72, I B RSEI
SELE B VR RN A2 oM MR A G A o AR AR B R R A 52 e ; SCiik [ 11] 38 1 GIS 25 [A] 407
FARIFLEE 1990—2015 4 6 WIEIEAEE, PRI ARA 21 A HbZT T BY Y i 23 S AR A ey 5 A 25 3R
BESON; SCHk (127 FEFEmNREL 2005—2015 4F = B AH 4 s R /78 55 28 Ak 8dE . R CA-Markov
RERVFIH: 2020 F1 2025 FFEAIF 23 5040, 43 Hr Hed 28 O SR A ARG I 23 Sl AR AL AR

ST TR AR s, TR EAR VAL O, R B R R ST AT R 2 —, anfar il
PSS 2T AN T R P R A [ B R A AR A AR AR BRI RN AR SO0, B IR FE R A 5T 1 1)
B, NEARIETIARSE SR Ok E, R R EBSE YR, ASHE G, Sds
RS Ry | VA AR RN AR AR RN A N S AT, TR XD T R A A R B A 1Y
R IEAZIL, FIH RS 5 GIS £ | & 5 HEEG AU JEAT 4 o FH AN A 25 B 58 0 & 19 255 5 F o
N AR D T s X 4, R RS F GIS £R, L2004, 2009, 2014 411
Landsat 3B AG W EIR IR LRI, 45 G55 RO . KRN S5 B, R R H 30
BN WM MLEGTREE, R RS2 ARRRE, PP IR B, DI T A T Rk
R IRPIR

1 EERIES A2
1.1 Xk

ST F B V8w ve 7 rh 3. MRS 4 = A, T b iE A 1699. 39 hm?, U 1 L2
390 hm*, WEBIX | BIHEX | MIZX | FLX, FEEX WX 6 MTEIX I, P h gt
R, VARSI AR, JE R G I vE M XS, 2020 4 GDP N 6384. 02 12
JG, WAENDS516 T, AASIEE R R E A E R,
1.2 #IEFRIE

VEH Landsat 7 38 BARME N R, FE3RE 2004 . 2009 . 2014 4E =AEFAHIE RS (kA
Hb PR [ 504 = http: //www. gscloud. en) , HIFAIFE LAWK 1 Fis, DHoE X AR HE WK,
WAL, MoK, A bR HEa | AT U A0 AR R P HE e SR A ok A T T S RS DA &
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JEL TR AR R AR RAFE T TR

x1 BEREHAER
Tab.1 Details of images

H #A Date TR Image type 73 HEER Resolution = Cloud cover
2004-01-24 Landsat 7 30 m 0.61%
2009-01-21 Landsat 7 30 m 1.01%
2014-02-20 Landsat 7 30 m 1.19%

1.3 HENE

FTRBGE AR O 2 JURTHLRS IE , SR UE 28 BT S R JUADRS A LK = A B A AR
IEENGE— P2 M A BR R S8 . JUDRS AL IE G AR B B 25 AR OE , DA BGE AR BRI BCIE, 5t
HF 2004 AFFZAGACIE RN TT 15 TTHUIE R, SR DA IE AP Y 2004 4E524% 3L Ui, K 2009 12014 4
AR BIBCIE RS s B L, ARARIE . BOER A ik Wi UAs e, i LR A N ks — A4
SR RAE R 30 m ZS [A]43 R, JUADRS RS IE R 2205058 0.4, 0.3, 0.3 AMEoT, W A H 2 6 A iE
JESEARIEA T BhZS WL A T UATAS IE IR 22 /N T 0. 5 AMEOTRYZLRD) | ARGEAFFT X I X S AR A T e
Y, FIHGAER PTG AN B, O = IR e P B R S B L, IR E AR
Frik, (B TRELIES 0. & IBOEARI A A AL, SRR B AR R RS, g on
EEAPIM LA HGEE, FHEEEGIETS . 4, 3 EBREAG N,
1.4 TR AHZE

MR T E I ERE, S8 2E ST IR S, R R R S b ARHE . KA
A M WEVR SRR L SRR LA 6 28, R MBSk 30T s R R 4028, HOCHEAE T2
XA IR BRI, ok LA T3 B SE Rl | BTG RRE B JORS BE i B R DR 1 i
B X B 25525 S IR . K/, @ BARS . 808, (78 A0 A FRIE, JRES G HIE R, i
RS B I e = AR R e e R L7/ 2 5 S~ L7 [ i NGy 1 7 5 S I O A= s P
HEAT IS A BRI R A RGN BAH R R A 2R 25 SR8 | PR . oK R A R S TS
) —RhEE R, BB TR S MRS BE PR M BT T S 80 BVAKE BE RN Kappa %k, 29158, HBAK
JE A Kappa Z2BOE TRARAFHISREE (70% ) FoR™ ) FBAB 5T FT R AR AL BN 2325 05 vk
LK
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Fig.1 Land use classification of Xiamen City based on remote sensing images(2004,2009,2014)
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2 HBRE5LSH
2.1 P AM=TUSHT

TR AR A S b R RS AN L s R AR 2 B AR AL, (L dE MY B | R BLRJE RS R
bR AZ A B A I TR] S A5 (A1 ARAY AR SOOI T L A T B B 25 R e | SRR EL AR AL AR 1k
HORSEHATAIGE, T H N2 AR E
2011 Basity Ak

TR PR S5 A 2 ST 7 ST AR ], R s S 22 [ L A7) O 2R B b B R IR
A R G DI RESZ L HUR IR e, )& BEAY A TS5 R A T R A R e R AR R
P LA LA ROR, Xt P kR BA B S, BT LA 45Nk 2 Fos

&2 EiW A AL (2004,2009,2014)
Tab.2 Land use structure of Xiamen City in 2004,2009 and 2014

o 2004 2009 2014

Type T Area 5 Eb Ration A Area 5 HE Ration T Area % Lt Ration
/km’ /% /km’ /% /km’ /%
RHIL Forest land 589.72 36.7 572.82 36.2 552.94 35.8
#iHb Cultivated land 321.62 20.0 264. 06 16.7 239.87 15.8
A ML Built-land 621.61 38.7 667. 86 42.2 699.23 46.5
JKHA Waters 25.87 1.1 12.78 0.8 10.33 0.7
WE 55758 Culture-benthic land 30.13 1.6 61.71 3.9 15.48 1.0
FFIFHHL Unused land 17.64 1.9 3.40 0.2 2.42 0.2

15 2 A1 2004—2014 45 FH AR AR BI/IMK I Ry . B L > Aictb > Bk > DR 5 9550
FHHL > KR > A ML, F =R FH M 5 L ik 959% , Hodr, FEi b e 7S b i 2 80 v T R
K, BRI TR A KR R s AR AT 1 AR A 50% A b, SR E B AR P A
b, KBTS R B A RAF R H AR RS LAl . 2004—2014 47 8] £ o A A% R R A= T
— R, A AR R s T R s 2L, AR M T AL RN, X A 1 22
DRI ST MR TR A, B IR X S A T Ak 2 B 25 S 1 A R 1 A b 2
RIGEHG , FARTARUE 10 AR 25/ ka3, (AR R H1E, 2004—2009 4 EWE /D> T 57.56 km®,
2009—2014 4[] Hyak /T 24. 19 km?, ARHb R E A2 R R, nT LR B PR AT B ) A AR
5 AKARTHIFRAE 2004—2009 4[]8 T 50% 5 WV 55750 FHHLTE 2009 4F U8 Iz f5, 7 2014 4
SRR E T W i AR R A b A S A T e, B BRI D 2004—2009 AT A B 2R 8 D
2009—2014 4F N FARAR
2.1.2 AfbE

SR FH i R FH AT AR PH 36 4 - ) FH S A BE SR b s fb s i, HO T AU o0,

K=[(U -U)+ (U -U)] xU"xT" x100% . (1)
Hrpr, K At Be T WA R AREER B s U, T U, 53 3B RT 0 RN R 0 S F 2 B B U,
KRR AR SR g THRE R ANER 3 R,

MF 3 AT, 2004—2009 4| 2009—2014 4P~ I B 2 A8 AR AL /)N, WEDR 5 5% 58 H L 3
BEEARCERR, WV IR A FH M T R LA 22 0 1) 3 i a3, T RE S 1T 2004 AF 3R g
U Bl bRy ST A SR R A 56 (CH T 28 T M 2 Bl BRI FH b 155. 7 hm? ) 5 TS LA
TR, ShASE PR, 1F 2004—2014 4F 10 4E0E], KA s S AR, Al WE TR
R o o AR 9 1 Al P M 2 TR e, R S AR A
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&3 EH LA AEAER(2004—2014)
Tab.3 Rate of change of land use in Xiamen City during 2004—2014

%
A5y Mt Hhis A i KAk Mk SR KA
Year Forest land Cultivated land Built-land Waters Culture-benthic land Unused land
2004—2009 -0.57 -3.58 1.49 -10.11 20.96 -16.14
2009—2014 -0.69 -1.83 0.94 -3.83 -14.98 -5.73
2004—2014 -0.62 -2.54 1.25 -6.00 -4.86 -8.62
2.1.3 kiR
1 ) FH e A R I s o S — s B PR A R R 0 425 - M 2 (A A B e i i sh A8 #2, mT D0 s
AR ZS [l B b aEESe, HA AR
N(i,j) = N(i) x 10 + N(]) (G > i, BHFIHER <1028), (2)
Hrpy NGy i, j ARGy AR HASARIE; N(Gi) R i AR o R 2028165 N(G) N j ARy 1 Ho )
/4

EE L BT ArcGIS BREE AR, B M K BPE 25 18] B I M1 5 Excel #1454, 2K HL 2004—2009 4 |
2009—2014 4FF1 2004—2014 4 = BF Bt A LR A, 453k 4 ~6 P,

R4 [EITH 2004—2009 F 1t F) R

Tab.4 Transition matrix of land use in Xiamen City from 2004 to 2009
%

2009 4%
=]
Ttem Mt W WA KR MRS FEAA R
Forest land  Cultivated land  Built-land Waters Culture-benthic land  Unused land
Mt Forest land 29.50 2.49 2.76 0.01 0.27 0.03
HhHb Cultivated land 4.45 8.19 6.36 0.01 0.10 0.02
2004 BT Buili-land 3.82 5.10 30. 03 0.15 2.29 0.10
A TKAR Waters 0.01 0.01 0.65 0.29 0.53 0.04
eI 5 555 L Culture-benthic land 0.01 0.01 0.61 0.37 0.74 0.03
FA FAH Unused land 0.09 0.07 0.74 0.01 0.13 0.00

x5 [EITH2009—2014 &£+ F AR

Tab.5 Transition matrix of land use in Xiamen City from 2009 to 2014

%
2014 4F
WA

Item Mt s A KR WA SFEEAME KRR

Forest land  Cultivated land  Built-land Waters Culture-benthic land  Unused land
FRHB Forest land 33.45 3.09 1.46 0.03 0.01 0.00
b Cultivated land 1.66 9.47 4.54 0.00 0.00 0.02
2009 EBLHHE Built-land 1.52 4.67 34.71 0.06 0.22 0.10
KA Waters 0.00 0.00 0.23 0.39 0.18 0.00
MEVA 5 3558 ML Culture-benthic land 0.07 0.07 3.08 0.20 0.54 0.02
AF]FHH Unused land 0.00 0.00 0.21 0.00 0.00 0.00
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F6 [EiIH 2004—2014 £ i F AR
Tab.6 Transition matrix of land use in Xiamen City from 2004 to 2014

%
2014 4F
=]
Ttem Mt it WM KR MRS KA
Forest land  Cultivated land  Built-land Waters Culture-benthic land  Unused land
HRH Forest land 28.96 2.97 3.03 0.03 0.02 0.02
b Cultivated land 4.02 8.02 7.01 0.01 0.02 0.03
2004 B Built-land 3.45 6.34 31.10 0.14 0.39 0.10
KM Waters 0.01 0.02 1.01 0.22 0.26 0.00
MEVA: 5 3558 M Culture-benthic land 0.01 0.01 1.18 0.27 0.30 0.01
A A FHHL Unused land 0.09 0.10 0.82 0.01 0.02 0.01

MR 4 ~6 AT, RHL, B B AR S AR, RIS B LS,
AR A FH 1 ) R 4 T BUR R 9. 2004—2014 4 (8], #kih 7. 01% % Ryt ig i, 4. 02% %%
Wb, FERFHHD 3. 45% 5 bR, 6. 34% % Jy i, 2004—2009 4E[A], KA. MEG 5 FRAE M, R
I FH Hl 27 AR At FH M2 AL 43 LU/ INT 1% o KRR FHHE 2004—2009 4F 32 23R IR B0 1 982
0. 74% TR B JE 3 FH I, 17 2009—2014 4F B RIMAEZS WAL E L HEFS . 2009—2014 4F[R], M
FHE LSS R 2 b LLE A B R, AH EE 2004—2009 408070 1% ~2% . i858 H 1Y 42 2004—2009
4E 3. 08% HYMER: 5 3558 P S M EE U T, 177 2009—2014 4EAUA 1. 18% BYMER: 5 37 5 I Hb 5% Sl 1%
P, KRR AR B M2, 2004—2014 4E (8], &0 b e R e, R 2%
RV E 2R | M 5 R b R Ak, Bfdh . ARz sl @ b RR L n, Wl S
FRIE A AR, AR I 1l A B AR AN Zs [ A7 RSB AL I AN B
2.2 EFREREITEN

AN RPN L FEAZ XG0 850 BIZEE IR . N TR MDA Pocsr
M. RELEETER . ZRAHREL. SEAESIEMER S S ARCR AR R A: BB L5 A
PR 2 U 2R B AR BOE I TN
2.2.1 TEMFEFREE

TEM TR PR BE S A 18 5 5 B W PPN 25 e M A T e, DOsEa Rk | AR . ik
ARAEPESE 2 AT A T X SR B AR SR BN F A, B AR K Z A it TR
Ak, Z% T CHR [25] EBEHIIEMAENR. 1) AVWEEE, GRAEY SN EREE, RESRR
I EREZ —, 2) MR R, FEARHE | B oA B AR AN AR A DOSRm AR A 25 A e, R AR ER
BOREREEERAE, 3) KMBE, 80 SR | K AURK B G X AR 5 ke, 2B
REY R S Re R EE A, 4) BRI, FEXBR, oK EIEM . FREMR sl T AR A
A X AR L, RN AESRENRE IR EZRIE, 5) HEEFE ., F5 0 m LRz 5 Y s
(s, TEAE AR T B R L,

2.2.2 I FERSITR O

LEA GRS A X ARE, S5 S HERRIEM E A, S IEM ISR FRES
TR .

YRR = A, x (0.35 x MRHBTEFR +0. 3 x KK SGHER R AR +0. 25 x #FHb T R +

0.05 x BB HETE A +0. 05 x AFIHETE ) + X BRHFH, (3)

B SR = A, x (0.5 x FRHBTAAL +0. 3 x B AR +0. 15 x @ FHML AR +0. 05 x
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KAL) + XBUEFH, (4)
KRR = A, x TIIRKE + XIREFR + A, < SRR + XS AR + A, x K& +

XA, (5)
R LSRR = A, x (0.05 x FPER MR +0.25 x PERMER +0.7 x BFRMEHA) +

X IR H R (6)

IBETREL =0.4 x (100 - Ay, x —SAALBRHEACE: + XIRIEAR) +0.2 x (100 - Ay, x
AR B HER R + XIRAR) +0.4 x (100 — A, x LR EE +
XA KR ) . (7)
X (3) ~ (7) W AGHEWFERREA L REG A, WEBE SR8 — L REG A, TR
EH— e ZRE; A, IR RE — L R 5 A KB IH— LR %G A, 8 bR AbFE 50— 1k
FHG Ago, W BB — L REG Ago, WERIEYI— AL R B A, WAL T AR I — LR EL
HERIME T EFEEL (ecological quality index, EQI) [EQi‘l‘ﬁj:T?’z\tﬂ?:
Lo =0.25 x EWFESEE +0. 2 x MR T2 550 +0. 2 x KB R4 +0. 2 x IR LR 5L +
0. 15 x IR R AL, (8)
Feh B A APPSR, R EQUIER SRR A N k. I (1,,=75) . B (55<1y, <
75) . — M (35<I,,<55), ¥%E (20<I,<35) MIE (I <20),
2.2.3 TSRS
R MR 7 S 25 R . Geit 4%, DLROKA] . SREEFRTTRYBERE, 115 PP 48 A g 4L
(W3ER7), FHE I EQL{EH Ny 83.35, MRIEA A FREE T 439, wT A ] T 8 AR AR S A B T i )&
7, RUIHEYME SR BEEET . ESRERE,
x7 ESHERESEMERITESER
Tab.7 Calculation results of each evaluation index of ecological environment quality

AW R ML TR 5 2L 7K 1o % JEE 5 RS B ARSI R R L
Biological abundance index ~ Vegetation cover index Water network density index ~ Land degradation index Ecological quality index
71.83 150.98 47.24 61.84 89.2

I TR R G R A BRI NT , LARS BB PA PSR 2, K R R BT A AR
AAF, AW R | M SN B SRR BT 0 R S el AR, SRR 8

*8 EBEIHERESHERETMIEH
Tab.8 Evaluation index of ecological environment quality in each district of Xinmen City

X AW R AL T BT TR AL + bR EFE 5L

Area Biological abundance Vegelation cover index Land degraddtion index
BEIIX Siming District 43.51 54.40 58. 44
W1 H X, Huli District 24.57 40.77 44.62
#EFEIX Jimei District 72.57 77.36 57.51
[%[X Tongan District 100. 00 100. 00 54.09
142 X Xiangan District 59. 88 69.33 55.66
WY& X Haicang District 59.62 68.72 100. 00

M 3 Al A2 XA R R o, SRR FIRIX | I DR, I IX IR, RUIBEHE
2 PRI A RS T A R AR, AN DA R E N R, BT AR AT Sl 22K 5
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MR, RO BN, YRR ARXS o, HBEE 5 Ah i A i B 229K,
PABAOMRN IR, A AR, SR SR AN A Y E AR RCT e, 45 XA BT s 4
BG4 FBESR B AR, By AN B A, R A 0 XA AR i 8 B AE 50 DL L, R R 22 X
e, XEHAANDSRFYEE, ONHIREENRA L, TR R EAREGX, HA
SRR Z IR, LIy &, R I A EA 6.9 km®, RRERMEAS P ER
PRTARAY 3 4, IZIXARA LK R ARIR I, e R OIR AL

BZ, TEARDATBUX A, [R]2E DA A ) 2 B IR DI i D T fie ey 5 9 56 DX A= ) =2 B AR i 7 ot
B, ARXMAEYFE | B S RGBSR PR A AT P RME, X R IE T
L E BRI A i IX R R B 5 AR A R O LB P AR s TS N A HLIX S T I, T i
KR B . AR ARG SIRER, SEE S S Y SRR BE, W
JEIE SR, PR R A, PR ARG S 1 B SN RS, AR TIAR B R AR IR
i, ARSI A

3 ARSRE

ARICRHZ IR BGEAS, 45A HAWRBh TR, 2T CIS 5 RS AbHF- &, 17 LA g RS
BB HE MG EARE, (S8 BRI AR | ARG R M RN 25 A 18 B0k S E AT+ H R IR 28
ASALAIHT 5 A ST TR PR . T 2004—2014 AE AP ARHD . Ak 2R T A5 o 4 R 1T T R A
90% LA I, M 2 UM G A3 (BEEAORRRRRE s Bfdh . KIS AR T L 3 s D fa s, Hor
KA A I s W5 R0 M 2 S8 Je DS 4 s T i P M DU SRR b g, S5 T Akt
FEINEAAVIG . T 2014 AERAESIRE BRI, R X AR5 XA AR W =F B PR g A w A
SR X5 0 B AR R AR, P XS TR bral T, iR b ™ E AR X, AR A BRAY £
b T RR 5 30 A AR 22 0 18 A X PO R 40 )G

AR WAL — SN, JREen FERG BT R 25, SR 2 U5 R = 25 R HE R i i B AR, b
AN s AL IR S HLEE LA R b T B 4 T BRS04 A SR R R RN TR AR R T, ik — 4
WA,

[ &% Wk ]
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