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%, Y E T A A N R Bl AS R T A 2SR 2000—2010 AR (E] JE T ORI FHZE S BhAS B 1989—2010
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dynamic degree, and calculated and analyzed the land use change in Xiamen City and its effects on ESV. The results
showed that the land use dynamic degree ( LUDD)in Xiamen was more than five times the national level during the same
period of 1989—2010. In this period, both the dynamic degree of built—up land in Xiamen City and entire nation were
higher than other types of land use. Between 2000 and 2010, Xiamen's LUDD was nearly five times (458.94%) that of
between 1989 and 2010. Furthermore, the built—up land net change and dynamic degree in both Xiamen and the entire
nation were as times as those in 1989—2000, much higher than that of other land use types. In comparison with the LUDD
for Xiamen City and three other coastal areas, the built—up land was also higher than other land use types. Additionally,
Xiamen's dynamic degree of built up land ranked higher than that of Zhejiang Coast > Xiamen > Fujian Coast > Jiangsu
Coast. Regarding the spatial patterns, the increase of the built—up land in Xiamen was mainly by the landfills of watersheds
and occupied the farmland around the coastal zone. Forest land remained steady in the northern area.During the period of
1989—2010, the ESV in Xiamen was consistently in decline, of which the total decreasedamount of ESV in 2000—2010
(120 million Chinese Yuan) was more than 10 times (1382.57% ) of that (RMB 10 million) in 1989—2000. Because of
the large area reduction in water and farmland, the ecosystem service functions, such as water conservation and waste
disposal tended to be weakened, resulting in many ESV components decreasing in the entire period from 1989 to 2010.The
largest decline was hydrologic regulation and waste disposal, with minimal changes in food and raw material production.
During the 1989—2000 stage, the ESV change in soil protection contributed the most, whereas in the 2000—2010 stage,
the ESV change in the hydrological regulation made the biggest contribution. In 2010, the ESV per km’of Xiamen was
ranked at a low level in the eastern coastal areas. Looking back on its high LUDD in 2000—2010, it indicated that Xiamen
needed to define an ecological redline for strict protectionon keyecological functional zones, especially for watersheds and

forest land in the northern area.

Key Words:; urbanization; land use; temporal spatial change; transition matrix; Xiamen City
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ASCHFSE 3@ % E T T 1989 4F 2000 4E LA K 2010 4F 4 4= M F AT A% 13, 45 3] - H ) 4215 A,
( F1 ) s
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Table 1 Land use change from 1989 to 2010

kb P L K3 AL

I Farmland Forest Grassland Watershed Built-up land
fime HAVkm?  HBl/%  HE/km®  HB/%  EAVKkm? HB/%  WEV/km®  HBL/%  EAVkm? HBL/%
1989 664.8 41.1 4743 29.3 150.9 9.3 148.9 9.2 178.3 11.0
2000 624.0 38.6 470.1 29.1 152.7 9.4 153.7 9.5 216.7 13.4
2010 473.0 29.3 4745 29.4 130.7 8.1 121.6 7.5 413.5 25.6
1989—2000 -40.8 -6.1 -4.2 -0.9 1.8 1.2 4.8 3.2 38.4 21.5
2000—2010 -151.0 -24.2 4.4 0.9 -220 -144 -321 =209 196.8 90.8
1989—2010 -191.8 -28.9 0.2 0.0 -203  -13.4 -273  -183 235.2 131.9

1989 2000 12010 4FJ& [ 1T H Mo A FHZE b (32 1) Bk ARH R BT 25 200 Mo R 2 | =]
A I ARA TS E T R ALY 70.4% ,67.7% ,58.7%

AN ) BE | 21 AF (] E % P s A i iR (235.2 km?) 2010 4EH 04 T3] 25.6% , 1k 328
HHZ —, VAN B (~191.8 km®) FIKIR(~27.3 km?) . 4 /KSR T AL 9 TR 35 D
BRI NI R S AR AR AT | T BH X — [ B3R 1T 7 5K r 2 5 b A 388 AR v BE K R s /L R Bk b R K e (B ) AR
Hb S A E B PR R RS, BEEH 20 AR TR MR R4 AR 4T

SrBTBCK T, 2000—2010 AF 1] 2 1% FH 1B M 7K 30 AR Ak R RS T 1989—2000 4 i, 43 1 K
512.5% .370.1% 668.8% (% 1), 7 £ [m) i 0 4 [ %54 >0, 4 [ A 152 1 b 2000—2010 4[] ¥4 78 1k 1 2
1989—2000 4F[1) 213.64% , i1t = T~ 4= [ At 1b 248 v A8 b i A5 5k, 3 — % Lb 45 2R Wl 7 4 [ 5 Bl 7E 2000—
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2010 4[] A5 FH Hiu At o Ak = SO B4 eI A2 DX 1 T 114 1A FH s 1 Ry ek
A BEAS A M2 LA BT 1T 1989—2000 45 v A48 £k i e K (—40.8 km?) | Hy A ##158 FH Hh
(38.4 km*) FlI7K3k (4.8 km?) . 2000—2010 4[] 2 15 FH b 15+ 28 fb & fi K (196.8 km?) , HRk gk (- 151.0
km?®) FIZKIR (-32.1 km?) o X —Z5F 0o, JE 17 79 (R B3 P 253 S b 198 R ok /R e 15 ) b 1 R 4
FE ArcGIS H5t 4= b FH AL (] (9 shZAS 55 AL IEA T 434, 38 2o XoF PR A~ 45 03 14) = b R 8080 184 7 38 i o i %
| + MR RS E B, W 5 KT 10 kB R (5 B BN - s S RS A P46, TN 2 BT,
2 1989 Z 2010 £ 8 L HEEE/ km>/ %

Table 2 Land-use transition from 1989 to 2000
T AH1ZE Land use into

R I BB B s
Time period Land use out B i) Bl Kk B At
Farmland Forest Grassland Watershed Built-up land Total
1989—2000 Ak 1.2 (0.2) 0.5(0.1) 11.1(1.7) 31.8(4.8) 44.5(6.7)
2000—2010 Go;3:) 0.6(0.1) 0.1(0.0) 5.6(0.9) 150.5 (24.1) 156.8(25.1)
b 0.9(0.2) 2.3(0.5) 0.8(0.2) 14.2(3.0) 18.2(3.9)
Hith 0.3(0.2) 19.8(13.0) 0.1(0.1) 5.6(3.7) 25.8(17.0)
e 0.5(0.3) 0.3(0.2) 0.1(0.1) 47.3(30.8) 48.2(31.4)
i 4.2(1.9) 1.9(0.9) 1.2(0.6) 13.6(6.3) 20.9(9.7)

AT UL, | - G T B RS R K sk ) R P AR RS . AR

1989 4F-] 2000 4F3 /0 L 44.5 km® TPAT 31.8 kb Ry i HIHh, LAl K

2000 4F-F) 2010 43X 10 4F [0 B #E L 156.8 km? Hi A 150.5 k3% 0] T @3 FHHb , Hefil i R, Hk ok
AL S R Y 5 2000 4E /K I8 ARG 30.8% (47.3 km?) , — AN FLA], It B B35 FH 17 R
MR | FH 2000 4F11) 216.7 km®(13.4% ) BEHNE] T 2010 4F 1 413.5 km*(25.6% ) , 3 fA%, UiBHX — Bt
1T A A bR S8 TR R, O HL i AHT B B, rh U R U P B DA M Ao 7y Sl s R [ S E il 4%
JEFHH, P nT g DT R A Ak e AR R AR AR 10 AR I HL A S A K S R R
eI
2.1.2 BT

- b FH S A A AR A B 1 KN RAE B B S TE Sl AR IR B RE A ()3 55 . 25 A ik oe X ] Tl
- b ) bR R e R DG SRR B, TSR A 2 BT T A 4 ] ) A A R 8 B AR (2 EE A 1990—
2010) , 45k 3 fran . WP TR 4 AR 2 BRAN T 4 A

F3 M 1989 F2 2010 F iy LRI AEUITEE (%)
Table 3 Comparisonof Land use change from 1989 to 2010
4=[#—J& ] National—Xiamen

; BB AR AL

W% .
Land use dynamic degree Times of net change amount
Land use
L T BT BB T+ 1 ez /BT |
Period I (1989—2000) Period II (2000—2010) Period I +1I (1989—2010) Period I /Period Il

B i Farmland 0.20 0.61 0.07 2.42 0.06 1.44 35.46 369.87
Mt Forest 0.48 0.09 0.46 0.09 0.02 0.00 92.10 104.93
Fi M Grassland 0.12 0.12 0.07 1.44 0.09 0.67 54.65 1248.46
7K, Watershed 1.62 0.32 0.16 2.09 0.12 0.92 9.76 669.20
AL Built-up land 1.02 2.15 1.98 9.08 1.60 6.59 213.64 512.16
A1t Total 3.44 3.30 2.73 15.12 1.90 9.63 405.62 2904.63

(1) NABH SRS MRS  AF9E X T T 1989—2010 4F (8] 41 + Hu A 25 & Sh A M 9.63% , M [a] i}
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59% ) FNHEA S5 kb (1.44% ) Z [a B AFAE AR 22 1 | 3R 0H BL B B 4 [0 45 Ml 1 3ok it £k el 3% sl A F v At sl
$1 T b Ak AV B 28 R X T T R T AR R S OL e T e

(3) NASBY B = 1R FH 25 5 sh A 43 Bk &, B T 2000—2010 4F 417 = ) 255 sl 48 B (15.
12%) J2: 1989—2010 4F[1] (3.30% ) 3t 5 175 (458.94% ) ; 1M 4= 1= 5y J5 WA~ B BE i) - R 28 & sh S RS T %,

(4) TN B B 45 b S A5 Bk TR WIS 1 ol 4 [ AR B 2 S [ R AE

H— A sh S B B T TR B T, n, 4 2000—2010 4F fi) 2 % ] L 3 25 (1.98% ) &
1989—2010 4F[H] (1.02% ) A9 Bifi5 (193.86% ) , JE 11T 2000—2010 4F [i] 2 1% FH b 51 45 % (9.08% ) f& 1989—
2010 4 (8] (2.15%) [ 4 £52 (421.38%)

Ho R AR A S B sh S EHEZ B 5E AT . PR BY B, R b sh 8 (1.02% ) 7E
1989—2010 4F- A F 7KK (1.62% ) , 76 By Be 11 H F 158 Mo 80 25 B2 fc i (1.98% ) , HJ&HE 24 58 — i pk it (0.
46% ) WIVUAE 2 (427.96% ) 1116 ] T A 1 FH b 31 285 B 6 P B Be 3 A e, HLe /& T At b 2, 4n 2000—2010
AT S 1] 7T 3 25 P i e ) M 2 1 FH b (9.08 % ) FNHEAS 5 — ik Hb (2.42% ) A3 PUA% (375.18%)

O3B BEAY S B S BE (22 S 40 BT 45 1 7R, 76 2000—2010 4F 8], 4> [ 4 M (1 30 17 E 35 0% 3 Ak T 5 4R
A, LR AT Dy s AT AR S SR B B TR T A BB T ) A P kG o R B T, R
JE 1T A T AL AR AL T AR . S A SR e N A R, BT 2009 AR T ARk 88.4%
TE T 2010 44 [E 3R T k26 49.68% , X [ [T T 1 I A3 7 Ak s 4 g (R e Il =2 —

St — AN ST X I T T R AR R B | AR SO ) AH 5 SR FREBUR RV IAF 1t X A 1 b o P
KR HEA T LA BT R TR L XA HE VLD 3 T (3% U Fh U R ) WL 7 M T (FFL 5 2% BT
M2 T B MR ) FkE I 23 AN (T X)) o TR AR e 3 B OC v R b K SR b Y
ARA PR, BRI T A A A, SR X LUDD W 4 R

R4 M 1989 22010 FiEEEHE LR AEHEREX L (%)
Table 4 Comparison of LUDD in coastal areas from 1989 to 2010

Wi X Mt jeiseagini i< HoAlh
Coastal area Farmland Built-up land Watershed Other
;N 0.01 0.72 0.29 0.89
Wit 0.90 6.76 0.77 0.01
bicyz: 1.94 2.52 0.37 0.59
1] 1.44 6.59 0.92 0.16

4% M DX Bl 25 BE I ] Bt . Y5 9 1990 4E 3] 2009 4F | WivT g 1990 4E 3] 2010 4EBhZASEE , F8E Jy 2005 4EF) 2010 4F

T 4 AT UL AT I A ) Bl A BEAT SR 8 T A A A B — b2 (VLT3 A2 1 0.89% B
ASEEAL SR M B Eh A SRS ) o FW] 1989—2010 4F e AV v iy X R b T30k i Ak b & R 1 oot A
o S0 B B A HR/INHE I i VU > I ] >4 i I > VL IR VR I, b B T R VL
M DX B A AR R, vT DA TR 3R Tl b ) FH 28 b 2 2850 B i 1 2 3 10 V8 LAt P 3 i R b DX 0
WA Bt B PN JE 1] A0 3T A & i o P AN 8 T 4 SR K AT T AR 2 % ik O Ui 453t
2.1.3 ZFREFHESESAY

SRR JE TR A0 T Ak e R R B kAR AE 2000 4E ] 2010 AE B BE . X% B Bt Hb R 055 R 1
GIS il A7k, aniEl 1 Fras, el AT L, BT T 4 b F) 22 Ak v K s sl 2 25 8] 43 A L 32 223 30k X i
R R A T ] S VL ML SR B RIS X R AU Y L0 —A e B s X RINTA] 22 Tl X, ] O, Kk dsk
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1 AR L o 000 A RO
ISR R AT B T A 0 b 0 e
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Je SEATA REIR AT BB AT - HOR AL A 1) 2 (B R fE S R sl 28 SR Sh ALl 5 285K FH 48 4T
R BEAZ I - R A FH A Ak (%) AR 5 5 0% RORE 3 R B — b 28 Fr 2 A Ty I, L2 DG 30 00 0 L 8 X0k 2 S
RIS BE TR 4 b A AR T 1 2 ] AR5 B UsR T X, X & 4 TAEAA 15 2R FH 28 81 R RS540 # ik itt — 26
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2.2 TSRS AR b
2.2.1 ESV RS ASMY

e b G e B AR S S L R T I A R A A5 OB AR S R GRS VAR S iR R
H AT, ZIHEAR R O ) 2 B TA S RGNS I BB, IS TR s iR, BAR R St A A /D
BT ESV kMRl 5 0 RS LA LA = i A T 2003 AR5 A 2 T 7 T AR (B XY e O 2
RiHEAT

KA ESV ZES 2R R AT 250, M4 XV SE B SE , ESV THRZ5 3% ESV S8 4
ANEEST AN R R AR R T IEAE S R GRS M D A BRI ST X, T A R A A S
Br. (HAEABFFE 25 BRI (TN R VR b DX 2[RI A7 ) bl B B vl AR AR 1, ASBIF 9 8 — >R FH il s
2007ESV RECGEIATIHEY A FHSE T A R G ATUR S5 0 (AR B N 5 iR

BRGNS Bk 2 B ESV WIS 1 RIXE, BT ESV X4 s SR US /NI RE B A R TR A
SRYE PR AR B FERR S5 M (A S BRAE AL . R, AR SCRARE XTI 5T 4] ESV A9 28 Ak i 22 (11500 i e ESV
B3 i AR

MR 5 TRTLUE Y MRHEE 5T X ESV 1% 5 35 24 0 43 (49.14%—55.32% ) , FLR /K SR Bf b,

1 2000—2010 £ & E 7 L F AL
Fig.1 Land-use changefrom 2000 to 2010 in Xiamen city
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¥ 1989—2010 4[] , BRARHb AR RE 41, Hofth =S M ESV ¥ 2 i . A0 Al ESV AR B AR 2
M2 AL AR Ak, BT E B — 2 ESV (AR AR R B RN H A A B2 1518 b 28 1o AR A8 Ak i B A L 451, 5
FIR B BTEB 3 1A, AR SCIHAL e i 58 KRR ESV S it AR fh i SR B . f Rl i mFEIX 21
AR ESV S — AL T T RS S Tz IX A 28 R 50 N2 IR 55 BB 1 0 R %, Hir 2000—2010 4
ESV Ed i (-1.2/470) J& 1989—2000 4F &0s & (-1 T 70) I 1382.57% , 4345, BHH 2000—2010
AERMFFEIX ESV R Sl FRER B, b i B B B i B0 STk i R 2 Bk (-7 T 500, Hko2 K
W(-5 THIC) . S5AHA A FHAS LA ol 0, 35 B 2 i PR 3n T A AR ol A et Ak ath R /K el e 16 A
BEHIHE , AT B AR ESV 1 20 T F%

F5 1989 212000 F AR EEESRERSME(T1ZT)

Table 5 Ecosystem service values of each land use type in Xiamen from 1989 to 2010

i ] Time B Farmland B Grassland M3 Forest 7K 3, Watershed A3 Total
1989 0.24 0.08 0.60 0.30 1.22
2000 0.22 0.08 0.59 0.31 1.21
2010 0.17 0.07 0.60 0.25 1.08

MR 6 T LIE ) BF5E X 4528 ESV 1 K ST 4 bR K (19.84%—20.52% ), HUR Sk 12 9 b B FN 4k ¢
Y RENE A 5 N (3.119%—3.56% ) o X R HEP 25 5 5 8 S L AR AN i B 25 5 — 30 5
it L ESV RECGRTTH, SYAE 7 1 ESV REEAS A M2 rh AR AL Ik, Aot | 55l b X B80S = K S5
BEEpUY G, BRI ST B AT S LB s, A P ESV R ERBLE B I (P AN RE AR
He2 Ik 45

R6 ETRGEMBNETURTEHE

Table 6 Ecosystem services values change and its contribution rate

il WAL DTk
— R 45 ThE YRS ThiE Value billion/ ( +427%) Contribution rate of value change/%
1st level services 2nd level services
1989 2000 2010 1989—2000 2000—2010  1989—2010

P2 R 55 T 0.04 0.04 0.03 19.32% 6.33% 7.20
Supply services JE A A 0.08 0.08 0.08 12.92% 2.34% 3.05
a5 IR 55 IS 0.13 0.13 0.12 21.00% 5.00% 6.08
Regulating services SR 0.14 0.14 0.13 21.80% 8.24% 9.15

IR SIS 0.25 0.25 0.21 -22.00% 26.39% 23.13

WAL R 0.19 0.19 0.15 -4.81% 25.45% 23.40
TS PRds 14 0.15 0.14 0.13 35.17% 9.59% 11.32
Support services AeFFEY 2N 0.16 0.16 0.15 20.19% 10.26% 10.93
AR S Cultural services PALSE 2T 0.08 0.09 0.08 -3.60% 6.41% 5.73

IKIRE 4525 ESV By RECT, S KB =& 7 il & K SCIH 5 (8429.61) JE WAL P (6669.14 ) FILERE Y 2
FEME(1540.41) , JETTT ESV AR RE, — 7 U5 K F ESV 28, 59— J it S et B 5 IX A VA, A
KRR S S A

SR IX 2 ESV B AR A5 1T, 75 1989—2010 4 (I #E AR 34940 T R e, N BRI B i K A 8K /2
IKSCIETT (-4 FJ570) FUEYIALEL (-4 FJ570) , 25225 PR /K S S 7 3 i A i 78 mp oK o R Ak b 2 38 H
M, 55 A HbFI 23 b b s D TR R R I DU B, R R RVE PR I ESV ARR IR B /N (-1 T OT,
-4 HJI70)  JRIRTE T ESV REE i AR AR JFA B AE 7= BB R (1338.32) , R A & #F il (175.15) . T
JE 1T 21 4F )bk T AR A 4 784 52 (470.1 km®—474.5 km?) |, BB OR B9 G2 17 B b TR0 BT [ £
FEBEVE P2 ESV RIS, 2 8 S M 205 X ESV 1985 5 B0 304 (15 L 49.14%—55.32%) , [ I &
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IV MRHI ) B AR AT 0T 1 X 2 HE ESV R &5 T BURIFEH

AR ESV B B8/ N BT, 1989—2000 B B A4 -3 ESV AR 4k A9 BTk i K (35.17% ) , T2
JEX — B BBk AR K, 2000—2010 B BEH K SCIR T ESV 2R B AY STRk A K (26.39% ) , R A 32 %
— B BOKI AR Z | KK SCRTY ESV REUR K (8429.61) , HUCH I AL (25.45% ) , R A
W T, — Az o BBk b 1 R R, — R /KR R P Ab B ESV R BUR K (6669.14)

ARSI M A S XIS KR T T, BT KSR ) S T R AL | 128 AR 2 R GRS (B IX
(R L) BT, RBOKIEMSE EWA RS S RS skt T a8k, A B A S RE MRS ik
TR, I, TR X ESV 1 d5 32 ZEA BLER 43, BRI A AR i 3 el e b, 0T Tl g 24 i
Xof KA WA, R S A 2 T M AR, R R AR IS LT R 2 AR T E T A0 BT R R A k5t
JETF 3 IR A R AR fE L
2.2.2 ESV W21}

ESV 25 (B 43H7 75 T, AR SCREJE 1] 117 -5 400 JHAth 175 965 b DX 8 4748 1) b A 0E— A 2 B T ] SV &R
A A B AR OESCER I AR SO [ RE 9 A8 e 2 B0 2010 4F 51T 7 B0z 1 B ESV (6697.22) KT
TRV 23 B (T X)) ESV ${H (8051.45 ) AW T T i L X ESV YI1E (8168.67) , A% 5 T V1 5 1 i i [X.
ESV ¥I{E (4750.69) , 7R B, 2010 4 & 7117 () ESV 7E H [ AR 55 05 16 oo X v ik P8GR, ROUE 1]
2000—2010 4737 = 4 [ /K P (1) - o R FH sh A 5, 268 2000—2010 4739 [a] 5 1 717 = b 1) FH A2 bk B2 i
B, IR A A S TG s H AR IREE R GE M 52 B S N5 12 DX R SR T i) b fh % Jr A S R I T
R A 2 i N1 R ) [ A

AR S O T A5 X 17 A 38T & RS (R AR 1k ) DL FR e B0 A S i 45 72
b, BRI AR SC F2 B A T A R 0F 5 X5 73S Al VA s X 22 ] 0 S o) B3 4T, FEAIE 5 IX P 3 2 [B) 407 b, A
SCEA TR L ESV 28 W] 22 5 M H 5 1 b A 28 A1 2 0GR o DAIFSE X 45 B XOR SE TR 0T , %t 4 R i v
Bk 5 ESV ARt AR et oM e it — 2 1 T AR

BEAN BT AT, AR SCHEA R 28 T3 B R RR S — S50, XT3 — X5 & 1 23 [B) A [a]
JP 1 ESV S5 22 5 , WA AT 15 45 S B W SE PR e, 48 5 ESV PR v 4 A aT He i

3 g

ARSCHEETE T 1989 4F 2000 411 2010 4F 3 3+ Mo A1 /78 Bl 508 | I Del AH 5 SCrk g | i it 5130k +
RIS A SRS W E TR AR T TIZ T 20 AAEH 1 M) FAK Ja i 3 AR RRAE R (7 FH B b | 161t P 25
- MG S XA S R G S5 s, RS IRA .

1989—2010 4= 4xfisf 1] B - b ) FFIAE Ak 5 1T, A hy 48 55 465 X4 B 11 7l = iR 25 sh 28 5 S [ st 0 4 [
KV 5 F5 22, RIS T T RN 4 [ 5 M s 25 B 359 v T Ath b 2, Hovb ) 1T 7 42 [ 2000—2010 4F[1]
RS FH b g A8 Ak B RN Bh S B B 1989—2000 4[], 26 157 T HAth 2 v AR Ak B A5 8, 4 1 4% b ) ki
VG S AL T3 ORI JE ] T I8 P b e A T e 7 s A S AR S0 B B B

A RGBS G 7 T, AR BF 5T X 1T 1T ESV 119 55 3 B4 5B 4%, e uk Sy AK S Bk . BF 5T 4
1989—2010 4E[H] | Rk 4E e Fa i Ab , Hfth =25 b ESV $9 52 a4 . DB Bk (i 2% & B, B ik i 7 5k
TR S 3E R RS SMME TR, Hirh 2000—2010 4F ESV S0 /0 J& 1989—2000 4F s/ i+ 42
5 LK a8 S R T AR A Ay A FH i AT 5 SOK SR R g Ak B R MR 3 T B, 2 ESV VAR R R 32

T A R B, 2010 AR JE T B T AR ESV ZE T IR X Hp b FRARK -, OWE [T T 2000—2010 43
Vo T4 KOV = b ) 3 25 5 AR 2 s i ) e 58 P M, 2 AT 2 300 ) 2 10 ol R 27 A = b A AR AR X AR R
55 2RGS0 B S 05 12k DX TR 3R T bR T 2 R A S IR A A B S AT Rk K R R A N I i A
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