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Abstract: With the economic development of the Beibu Gulf economic zone, environmental problems, such as seawater
intrusion, vegetation degradation, and desertification in the coastal areas have become more important and pose a serious
threat to regional ecological security. The low ecosystem services value has become one of the key factors restricting the rapid
economic development of the Beibu Gulf area. Evaluating the ecosystem service value of the Beibu Gulf coastal areas,
demonstrating its evolution characteristics, and analyzing the main driving factors are of great significance when attempting
to promote the ecological construction and sustainable development of this area. Landsat remote sensing images in 1999,

2006, and 2014 of the study area were the main data source. First, we used the supervised classification and thematic
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mapping approach to interpret the remote sensing images and obtain the land use/cover distribution maps. Then we analyzed
the land use/cover dynamics and the landscape pattern evolution characteristics. We used the improved evaluation method
for ecosystem service value based on per unit area to calculate the ecosystem service values in the study area for the three
periods. We also analyzed the value changes and the spatio—temporal characteristics for each ecosystem service in every
county. Finally, the driving mechanism behind the ecosystem evolution in the Beibu Gulf coastal areas was studied by
combining population factors, economic factors, and tourism factors. The land use/cover changes showed that the scattered
urban expansion caused the built—up land to increase dramatically and its fragmentation became more serious between 1999
and 2014. The destruction of the ecological environment damaged the mangrove forest. However, this damaged patch has
disappeared and the degree of fragmentation has improved. The forestland and orchard areas increased between 1999 and
2006, but then decreased from 2006 to 2014, while the area of cultivated land decreased sharply between 1999 and 2014.
The results of the ecosystem services assessment showed that the total value of the ecosystem services in the Beibu Gulf
coastal areas increased over the whole study period, and reached about 54 million in 2014. The total value of the ecosystem
services provided by the forest ecosystem was the highest, and accounted for 50% of the total value of the study area. In
addition, 11 ecosystem service values were analyzed. The food production, gas regulation, and nutrient cycling service
values decreased from 1999 to 2014, but other ecosystem service types showed an increasing trend. The results of driving
mechanism analysis showed that the comprehensive urbanization rate (%) was an important driving factor behind the
changes to the ecosystem service values in the Beibu Gulf coastal areas. However, the comprehensive urbanization rate in
our study, which is equal to the proportion of the urban population to the total population, is a population structure index.
Therefore, the regression models and comprehensive urbanization could reflect the regional economic structure, and that
ecosystem services are closely related to social and economic development. This means that the reasonable regulation of

economic structure can effectively enhance the value of regional ecosystem services.
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Fig.1 The study area
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A TR S5 20 B BE R 1 U R R A R, T T4 2 25 3 S0 VPA (MA, Millennium Ecosystem
Assessment) (5 SRR IZ" 02 Bk 25 3R SIS DR 45 DF 281X R FHI000 200y A ko 2
REC(H 1) BHURHLS 2015 4B BT DI FC IR VEAGAC B I I 02 5 R S5 0 18 2k
A5 RGERIS R 1T SRRSO AR, TR F 0530 11N 26 2 25 R 5 B0 TR 25
G555 0 24t UL 22 1, B DR 06 4 4 R 6 TR 95 40 (R 3406.5 76/ hn” )
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Table 1 Ecosystem service equivalent value per unit area
HERRGHEA A< H FRAK i 4 K8k T 0]
Ecosystem Farmland Forest Wetland Water Desert Urban
IKF=FEE/
T+ HIZE A B it P EAR PN IS i U i
Land use type Cultivated land  Forestland Orchard Aquaculture& Water Bare land Built-up land
Mangrove
B4 Supply BYA 1.36 0.29 0.19 0.51 0.8 0 0
A 0.09 0.66 0.43 0.5 0.23 0 0
IR HELS -2.63 0.34 0.22 2.59 8.29 0 0
9 Regulation  SARJEYY 1.11 2.17 1.41 1.9 0.77 0.02 0
AT 0.57 6.5 4.23 3.6 2.29 0 0
RIS 0.17 1.93 1.28 3.6 5.55 0.1 0
IR AT 2.72 4.74 3.35 24.23 102.24 0.03 0
Y4 Support R 0.01 2.65 1.72 2.31 0.93 0.02 0
EISS SN 0.19 0.2 0.13 0.18 0.07 0 0
L/ EZ 0.21 2.41 1.57 7.87 2.55 0.02 0
34K Culture 59! 0.09 1.06 0.69 4.73 1.89 0.01 0

2.3 IREFEIR AR

A 25 R GRS I (B AR (Y 3R Sh AL 8 SR ER BRI SCRE I 9 7 10, B 1) P A S R SRR R B e A
IKhEEm, SHACAEIE P N bR SRR AR R IERE bR 3 5 T I A SCIR B A T (% 2) . A AR
Bl B X LA A A TR S T 1999 2006 1 2014 4F 3 NI 3540 BE A7 78 BRI (H A 5 0 S5 45
WA

R2 ETRGRENERZEINNIERER

Table 2 Index system of ecosystem service value change driving force

KA ¥ AR FRAR ()

Driving factor Variable name; Indicator (unit)

s © BT (A 30 SR A 53 B ATT () sy« BRI AT () g A FTHEE 50
Demographic indicators (%) 336 : NFVEEBE( A/km?) s, SEAIEHAL R (%)

xg :GDP fdt (fZT8) ;09 : A8 GDP (TT) 5,0 85— B H (ZT0) oy, 35 =77 B E (I
TL) 5% BB T MTHE(LTE) x5 : R A AL (TT) 500, AT MAB (TTE) 52,5 M0
lll__;l‘?:ﬁ(ﬁﬁ*)vxlﬁWﬂk4é‘f‘:ﬁ(ﬁi)gxl7@ﬂk/é\#{ﬁ(ﬁﬁ)

Ei S e
Economic indicators

g SRBFBANILCTTN) 5010 FERIEF (TTN) 5000 FEONIFF (TN 3205, < BRIFAFULA (JTIT)
% + A HRIE ML (TTIE) 5205 : ABERRIFIMECA (TTIT) 5200 : WIEDEC(A) 52055 : FERA
(™

JRUFE PR

Tourism indicators
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1999—2014 4F 4 HUFI AR MORI 58 X e B AE R R S0, HAFH AR Fn 2R el i AR A i 2 (3R 3) . 1999
AR 2006 AEAIFFE DXL BRI, ELAT SROW I R, LU R R, 2014 485 AR 2720.13km?,
B TETFRACA 2636.67km?” , S5 ML & A= A8 A, R el 1 Ry a2z DX 3l U066 o, JC R S i b bR, | 2 152 FH Bl 7K
N e 1 WS AR R N TR S8 5 2 NN TSGR A o o = i & a3 B R RS S =i A ) e M A A Qb
KR, LUK Bk R A TR Wk D | 20 AR 2 17 0 B R 7™ 5, 16 A A 25 3R AR T 17K
SR A R GIRAE

F£3 1999—2014 FEGHBETEFEMREESREERETN

Table 3 Area changes of different ecosystem types in the study area from 1999 to 2014

RGN A H FEN T 7Kk Freis Ykt

Ecosystem Farmland Forest Wetland Water Desert Urban
wren PR e mm ke a ke we RPN

Land use type Jand Forestland Orchard Aquaculture Mangrove Water Bare land land
1999 4 km? 3678.80 1525.38 2553.95 249.31 80.38 290.43 341.46 122.40
% 41.61 17.25 28.88 2.82 0.91 3.28 3.86 1.38
2006 4 km? 2761.08 1923.88 2725.06 391.93 49.19 299.39 377.83 310.66
% 31.24 21.77 30.83 4.43 0.56 3.39 4.27 3.51
2014 4 km? 2636.67 1915.22 2720.13 314.19 13.07 364.49 282.26 595.73
%o 29.82 21.66 30.76 3.55 0.15 4.12 3.19 6.74
1999—2006 km? -917.72 398.50 171.11 142.62 -31.19 8.96 36.37 188.26
%o -24.95 26.12 6.70 57.21 -38.80 3.08 10.65 153.81
2006—2014 km? -124.41 -8.66 -4.93 =71.74 -36.12 65.10 -95.57 285.07
% -4.51 -0.45 -0.18 -19.84 -73.43 21.74 -25.29 91.76
1999—2014 km? -1042.13 389.84 166.18 64.88 -67.31 74.05 -59.20 473.33
%o -28.33 25.56 6.51 26.02 -83.74 25.50 -17.34 386.71

3.1.2 AR RGZEE B S5% R

1999—2014 AFJCHBE VY 17 1 X A2 28 R 40 i i AR bR B, A HC 2 ] 3 A R AE O R B 3 ol As . ROk
Fr , PRl B A AR PO, BF M 2 A A0 R AR, KR A A R S, SR ] DU e A A X (R 2) . 4%
XEAERRGRM M ET BE, T8 3 28 (1) U AR IR T E RS R G R, 1999 45 #E15% FH Hi 1 £
49.64km” , FLFifi 25 I [RIHERS TR BT 38 i, 2014 4755 3] 58.82km”, (5 ¥ 3k IX 1T ALY 63.26% 5 (2) LLAH B 4K
A DX 10 DX BRI DRI L s X R 1 2 %) LR ARl A 285 2R 0 s UL, e A 2 el 2 = 2 0 U3 S, 7K R A 4
LT A 48 B 1999—2014 AF[a] kb 1) R Fel A ARG 0™ 8 . (3) DAAR 24 IX R 3 XA 4G 3R iy B AR R R AR 65 5%
S, A TR B A, VR R AR R A A 285 TR ST 32 DX 3 i VA I 33t b DX %) SR RS FRITE be 2 A A A

BRGNS R R IR DR A R AR R GRS T8 37 XA A e R, DR O S5 A Jm 9 4K
BT WAL B ISV 12 Ml X A 25 R G AR SR AR AR 20 BEEREE B (PD, Patch Density ) A iR &R AR R 5
MR PR AR B T B M PD FREERGK (3R 4) , DRI X B 7 S AR 2 =X 5 (R R M R DRl sk, i
S LU A B 1A ol LB A A R R T A AR B R AR R S TS U0 15 I AR b B e L R
ADWD  MAMRHLBEER LR BRI . RIE BB B AR 2 (HREE0 /D, B PD S5 RABFESE0)N , 1 5
T FRTE 1999—2014 45 (A7 I3 , 15 BH SR Bel 2 Jlc A8 Ak , BT 484 B e £ 2R el 2 ol B R ) ke e | DA T e AR L g e
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Fig.2 The ecosystem types distribution in study area for years of 1999, 2006 and 2014

TRRREE . ZERIAREY PD A2 A3 SR AR, (B T FRAS B a2 | 106 W 2048 AR B T % i A5 A 1 B ikl /) . 8
535014580 (1)1, Interspersion and Juxtaposition Index) AJ Jz -2 B H AR SRR L NFR 5 15K
FEFREE B A O AR B4R A, L T R, ZEREARIY 10T 52 B0/ )N 15 0 = R sl /b 1) i 4, Ut BH A0 46 B B
ELAMAR I LE AT, Jo A Bt T AR LA b, AR A LT 52 BSR4 A0 /DN 0 0 45 22
B, LI IR bR LU B v | BEE bR T AR B 35 I HIORE B A AN B o, HAB SIS Y Y 10T 728 A Wi 48
AN, BITE 70 ZeAy BB X S RIFE 23 [A) 3 A1 4000 1K

x4 19992014 FHE=VEBBRZETNH
Table 4 Changes of PD of different ecosystem types from 1999 to 2014

e 58 - . H A
Py R " Wi KPRE R KA wp SRR
Patch Density (PD) Forestland Orchard Aquaculture Mangrove Water Bare land P
land land
1999 4F 2.34 0.87 3.64 0.49 1.13 0.54 2.26 0.41
2006 4F- 2.90 1.49 3.24 0.29 0.72 0.57 1.86 1.27
2014 4 2.76 0.89 2.49 0.68 0.25 1.10 1.44 2.17
RS5 19992014 FEEFN LB KB SHIEHEL
Table 5 Changes of IJI of different ecosystem types from 1999 to 2014
37 e K B B . &
5 S bt i wE kP Rk kK DT i
Interspersion and Cultivated Forestland Orchard Aquacult Maner Wat Bare land Built-up
Juxtap()giti()n Index ( IJI) ldnd orestlan rchar quaculture angrove ater are lan 1and
1999 4F 55.29 35.16 49.86 75.77 76.62 79.39 4491 72.21
2006 4 60.24 54.39 49.07 90.26 79.56 90.76 66.40 80.20
2014 4 65.50 56.42 61.48 74.60 64.58 90.92 74.20 75.27
K E B BE B2 BE (PD, Patch Density) 5t WMUEARFEEL(LSI, Landscape Shape Index) | % %iE F 45 %i

(CONTAG, Contagion Index) .5t MR 4EE 5% ( COHESION, Patch Cohesion Index)  #4¢ Z#£ 448 % (SHDI,
Shannon’s Diversity Index)5 N8R 2 KM BT I A S RS RIS (£ 6) . PD I JEi K
Je DN BT I N ST Bl 52 e T A 5 DX SO0 G A e B At e 3 K /N Y R A L 2014 AR I REFR E L
1999 4FK, 1999 4F1 2006 4F-f) LST 22545/, 1fil 2006—2014 4F- (4 LST AW udi /N , thd WSS 4 b g A Wi FF
RN AT SOUIE R B R T B, CONTAG A8k S5 15 I S 0 68 90 35 i/ N J 45 K, {H 2006 41 FlT 2014 4F: i)

http ; //www.ecologica.cn



9 1 B AT PEILER T R X AR S R GRS I fE A A S SR Bl 7

22580, COHESION F52208/1N , AR IR RE /I, UL TN gl B AR 45 A A5 R G RN BE IR K/ N R AR T 3
A AEEEAS ST R AR AN 2 . 1999—2014 4[] SHDI SGHE K5 AL 6B b A 7 i I 1 DX 7R 3k Tl
K R it e v 2% AR 25 R G o0 A R B 5

F6 ILAMBREMRZNKFZUNEFIEH

Table 6 Landscape index analysis of landscape level in study area

" . SRS £ LEREFR L LR AR EETR L AR R
A0 B BE : ) B
Yer D Landscape Shape Contagion Index Patch Cohesion Shannon’s Diversity

ear Index (LSI) (CONTAG) Index ( COHESION) Index (SHDI)
1999 11.69 216.46 46.14 99.60 1.62
2006 12.34 216.24 42.83 99.35 1.73
2014 11.77 191.17 43.40 99.31 1.73

32 AEBRGMESMEAEL
321 ERRGERSMELS R

1999—2014 AFACHRIE WY 7 1l X A A R G0 R 55 DI g S (B H 4.83x 10" JToHG I E) 5.40x10°7C (% 7). #
ARG S B s, Mt T oE XS AR 50% . KSR A 25 R G IR 55 B (5w, HLEREe s K i
AR S R G0 R 55 T RE S B 2SS 3 KR 80/, B AR N IR Ik D 0.74% AR AR S R GRS B (A B /),
1999—2014 4E[H] Hy 4.87x10°TCl/NEl 3.49x10° 70, BARBFHLE BB (A4 A28 R G MR 55 S (/N 5 1
A RN AR AR RGRSS BAMER BRMAE S R GRS B B K, UL HOE I s W e b X R
HEMESRS,

RT 1999—2014 FELBEEF R ERESREERSNERST L

Table 7 Ecosystem service value changes of different ecosystem in study area from 1999 to 2014

P HERRGRS I E RIS
EERG ecosystem service value/JG Change percentage/ %
Ecosystem

1999 4E 2006 4 2014 4 1999—2006 2006—2014 1999—2014

A2 H Farmland 4.87x10° 3.66x10° 3.49x10° -24.95 -4.51 -28.33
FEPR Forest 2.52x10' 2.92x10" 2.91x10' 15.90 -0.32 15.53
FE2HL Wetland 5.84x10° 7.82x10° 5.80x10° 33.80 -25.81 -0.74
KR Water 1.24x10' 1.28x10" 1.56x10'° 3.08 21.74 25.50
FEl Desert 2.33x107 2.57x107 1.92x107 10.65 -25.29 -17.34
IR Urban 0 0 0 0 0 0
SHE Total 4.83x10'° 5.35%10'° 5.40x10'° 10.65 0.94 11.69

322 ARG HrE2ER I A1

1999—2014 4F[AIERET ) Az 7 SR FLERF R0 (B B A Ah, A R 952 B A 40 EL ) 2 B K
(£ 8) o ML AUR LoRF , W AR MO A P A0 (E 0 IE AR AR 25 R GEAEK A K IRE 25 S 11
B A AR S R G ) B AL S R GEL , B A 7 M (B A JEORE A 7 K B 8 O (B0 i, IR 35 il 55 41
SR RS B, SR B (B AR B AR AN AR GEEAE o R AR P A 25 28 e K Sl T AR 1
T, AR SCHR S (B AN W R, MRS AR R AL PR A (ELSE 0E R5 0Bl) , 1999—2014 A=A 15 fi
{EI/D T 8.61x10°T0, M SRR SF 4UBORE , A W) AR PE AN S AR R (AR, B2 BLSE I m i/ I i 28 1k
e M AERFIR O ERUN, BAFEE . SO ss U e — 30, Bl AL AR i B s X AR A R L
T SO E SR RE I, P 2006 4F LS A BT A AR 12 DR SCIU iR 55 TRE . BMASR R, WY
e 55 A AEL Lo e e, 22 At die o, T SO e 55 A0 EL LU 49 e A1, 22 At fie /b
323 ARG M EEEAZL

I BT A AE S R GRS (B (1 3) , AL 2% DXL T AR A A 25 R GE Al il 22 S 50K, TR IX B 24 4=
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BRGNS K3 RIS : (1) LIRS ACR A2 I 55 KPR B IXCEL | (2) DAESRIX O AR AP 2 iR 55
IR X B, o I 55 K 0 DXCEL o AR B TR AR A R G55 I (B O, 22355 A JEE AR i B ot bt i)
PR AEARZ X I A A 55 I (LR SRR BN R AL B IX R DX A 1 DX B A T AR 5
(EAR HAT =X 1999—2014 AR [RIASBIE K, #s 11 XA D8/ N3 AR 55 K7 1 X B T i X
AL A S R GUIR S5 W (E ARy, HAFEE080/ )N o TR L s DX AR g X2 R A Rl S5 R DX EL | B g BRI 55
{EEVIN, B/ ME RS

F£8 1999—2014 FE BT AFMEERBARSRERESMET L

Table 8 Ecosystem service value changes of different service in study area from 1999 to 2014/ T

EBRGEME M55 875 1k

HEB ARG IF S ecosystem service value Change of ecosystem service value
Types of Ecosystem Services

1999 2006 2014 1999—2006  2006—2014 1999—2014
YA Food production 2.16x10° 1.80x10° 1.74x10° -3.53x10% -6.09x107 -4.14x10%
JFUBLAE 7= Raw material production 9.09x108 1.01x10° 9.94x108 1.06x10° -2.08x107 8.54x107
KIS Water supply -1.82x10° -8.12x10% -6.19x10% 1.00x10° 1.93x108 1.20x10°
S MRVETT Gas regulation 4.04x10° 4.14x10° 4.03x10° 1.04x10% -1.13x108 -8.61x10°
AR Climate regulation 8.40x10° 9.50x10° 9.36x10° 1.09x10° -1.39x10% 9.55%10°
L FREE Purify environment 3.29x10° 3.73x10° 3.70x10° 4.38x108 -3.49x10’ 4.03x108
JKCIFT Hydrological regulation 2.16x10' 2.28x10'° 2.40x10' 1.22x10° 1.19x10° 2.41x10°
R Soil conservation 3.24x10° 3.79x10° 3.71x10° 5.48x108 -8.08x107 4.67x108
A 355270 H53R Nutrient cycling 4.82x108 4.65%x10° 4.50x108 -1.76x107 -1.43x107 -3.19x107
H W ZFEYE Biological diversity 4.02x10° 4.68x10° 4.41x10° 6.60x10% -2.68x10% 3.92x10%
F2 5L Aesthetic landscape 1.98x10° 2.32x10° 2.17x10° 3.41x10% -1.50x10% 1.91x10%
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Fig.3 Per unit area ecosystem service value ( Yuan/hm?) of each county for years of 1999, 2006 and 2014

DL Tkmx Lkm A% R A0 G840 BT 1999—2014 4R [RI1 A28 RG0S5 (B B i A2 Ak (18] 4) WAL #5m ESV
(Ecosystem Service Value) DX 3= 85 A3 7EWF 5T X U, ALK ESV DX s 3= 870 A3 75 16 3ok X S il . 1999—
2006 4 (8] ESV /b i DX o3 HC, ESV 380 A DX 3 220 A il 2ok b % 722 Sy SR el 19 IX 085 2006—2014 4
] ESV ok /b 11 DX d5f, 32 BEAR A 0 T O X3, 180 48 D A s IR /K SRR L B 22 A b 2 A Sy SRl PRI o vl B
VKR D% 7 #F L ESV $271
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i E i

O BFRKGHAR 0 ESVH4E O BRI ©0 ESVH%
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Fig.4 Ecosystem service value change of the fishnet with 1km x 1km from 1999 to 2014

3.3 AEBRGRSS M EAZ LIRSS
FIHH 1999—2014 AF[A]AL 5 25 DX EL AR 25 AR GUAR IS M (6L R 10 BK Bl 48 s BEAT AR OG0 AT, S BR AR S PR
AN IR TE L BT (R 9) o BRI Ss O EOCH — AN [R5, H A AR NV HAR AR S R 5

®9 IMEBEEMRESRERSMHEDRERRE

Table 9 Ecosystem service value regression models of each service in the study area

A= M {H2E R/ o0 (] AT
Ecosystem service value category Regression model
BRGNS BN E Total value (1) y = —1.453%x108x,+ 1.127x10'°

(2) y = =2.273x10%x,+ 7.996%10°x,;+ 9.743x10°
HEZE 55 (A Supply value y = —1.759x10%x¢+ 3.102x10°
VA5 AR S50 Regulation value (1) y = -1.104x10"x,+ 8.596x10°

(2) y = =1.901x10%x,+ 2.226X10" x4+ 9.408x10°
L HEMR S A Support vuale (1) y = =2.434x107x,+ 1.857x10°

(2) y = =3.061x107x,+ 10215.971 x5+ 1.776x10°
AR SS A Culture value (1) y = -6.182x10%x,+ 4.744x108

(2) y = =9.441x10%x,+ 31758.96 x5+ 4.128x10®
Fh,y RS ME(TT) 52, LR AR %) 50,5  REAGBA (TT) 506 : NEEE(N/km?) 5 : GDP kit (12TT) 50,5 : MOl = B (E
(7178)
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55 B4 AN A D7 7, HARe 2 A 72 B8 R ZR G s AL A, A SO IR S AL A B 1 SN
H s, Jm T N DS bR , N D Z5H A8k & S B2 B RSS2k, e 252 AU R v 0 2l DX A
BRGNS HEE, NIRRT 45 XCE AR DL, w] BE 250 e DX Il A 265 2R G i S SR A e 25 45 (1]
SRR T B2 X AR S R G B T

OIHTE S R G S5 AR AT S5 (B SRR S5 O (LR SCAR R 55 A0 fELAR A0, A BRI AR AR AR 25 2R
GEMR 55 S A SCAR IR 55 B (655 — S SR IR [N 1, AR RS Al A BB IR A 18 K F @Al SR RS
AL R N SO 55 75 SR A 2 B v, RO AR T T SCHE e 55 (A A= 25 R SR 55 AN (. GDP S 2 1419
e 55 AL 5F — B AR Sl [N 7, Ul B DR AE 25 R G 1A 49 IR 55 T RESZ IX I B R R Al A 7 B R SCFF
e 25 A5 — BRI UKEh 1 S T ARMRAE S R G SR I S5 LB

4 itig

4.1 BB M EEAS T

WCHE Y Y R R 1 AR — RS DTN 7k R AT B B ok A Rilid T X A S R S IR
S ERIERE T o AN, M T W A S R GRS (B RE A S X3 23 BhAs AT DAl A b v v
it L IX A A5 R G IR 5 A (B B DR s ) L s AR (R i gE

JCFERVE B | BRI X N /K B AR/ B AR R R G IR 55 IS B OR T AR AE R RS, X Al fig
SEUTE S RO T T BT PR R BT T KR A A A AR G IR (2 i R R K R R 45 K SC RS
(i SRS B 2SS 7 Bl S R G AT R4y BB TE T 2500 50 8, B 76 KO 9 22 25 R 56
R 55 W (B2 A A AE Al B AT REE A et — 080T, b BARK PR TR 2 A 7 i R v ST A KK
{EL X IR 7KORe FH 7K 9 2 P S RE K DILERATS AT BT 0, o FE AR 25 R G0 i /K DRASE 465 (i 1 i o oG£
42 EBRGA NG HHEAE

EBRGRSTIREA A0 (3.1.1 1) H5AERREA MR (3.2.2 W) FAHEKR, A BEET, B
DX B 3R T A= AR R G, B T BRI S5 I (B /0N, 205 8k LL s DX R DX o i B el 5o i X L 2R 2R R
R S5 e FIAHZEAS K HAE 40000 TG/ hm 2247, 1L DXORVER T DX Al A 7= FH M LA K Ry 32 X 7K 9% DR
T RIS K IR HELS R Al FRAR T KBS AE R R GRS KT, AR 2% Bk X & R i R AE S R G &=
B IX B (H A T IR S5 (B 5 AT B R X A e XX Rl AR &S R g o B X AT, Al
3 DXRIER R DA R TR ) SR el LA 2SR 55 e 0 A T AR A 22 ], e T X BP AR R R G5 7K

1999—2014 R[], IR P ok i i FH MR Wi , 4= 735 R G M55 B ER AW, NSBES RGN
S AR A BMRA S R G KIS IR S B 3, A A S R G IR S (38 0, Forge
ARG Ss EEIMS 2 . AEIRIETR b IX A 25 R GE M55 i (L B35 4 AT BEAS 25 T8k b 1 S Fel bk
LA (B IEFRTEY RE b IX AR S R G AR H O = AR S DUAR AR 3 5 R, DR s A 19 ) B
IR BRI ARAE AR S TR 9 St ] A AR T XA S R G R 55 e
4.3 HERRGMSEAZR D)

BRGNS M E A R G55 ThRE A B AR B AR SCOR FHBCHE A A0 24 B R PPA IR 55 4 18,
H AR L REA A5 Wb v W e b IX AR 25 R G R 55 DI RE RG4S, SRShAIL A e P A s AP I 9 O i, e 1k
T FEASCRE IS AR RS 017 87 A R B A3 I 1 SC 7 AT ik 7 | i e i g s B e i i 4R B AR
DRGNS (B A8 1 D PR B 5 A DG R [ DG R | (ELBEARY By g e AN e PR 43 A, HL B AR B e 2

AHIFFE (0 5 15 b A R T TR AL, 308 3 A DG 3 BT R0 B o e AT B B A e et LA R 5 S R G IR S5 Tk
P 5, P BUEOCHERY 25 DMEPaX X B R AR R GRS M AT T8 20 mE 5B , B8 S AR T il S50
IR E KO 25 R ZR A UL AR 2 R ACERVE T B X AR R R GRS I E AR RS R, B A
R R 4RI GDP S s Aol A = BB JL RS R X AE S R EM S M AN EEFN K, &
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SRR PG e v | (B DCIBR AR F  BR A PR AR IR e AR R T 32 B I AR SR AU BRI A R )y Ml 9 A 25 R
IR BUR R R XE LA AL, (RO IO RE A (i XA B A SR SR IN 3R, Bl BALAE B R G M55
WE TR AR S R GEMRSS TR 2T SRy LRI 7 S T 4 ARG, ko AR AR WE T %, S A 255 4 0 D)
RN SR AR L I 1 b DX AR R I T

5 it

IR ARG KL RER I 25 AR AR T R 2 A 25 R U8 I T T4, ARl e AR 2
3 oK Y [R) S SR IR A 25 AR e 55 D RE ) B A P JEE R Y BT BIE 9 (LA ST (9 — AN Tl A SC b 1
M 1999—2014 AEJEERIEUT 2 X A S R G R B4, It — 28 X XU 25 R GE I 55 ¢ (LA g 2 9 A2 R ik
LIRS AT T 05T, 45 REW .

(1)1999—2014 4F Iy R BB sRAE AT AR S R G BUEAN T 473.33km”  BERRAL AR EE IR 5 2R 25
PREE R BEIA Z HAE 25 AR G R BB M YIRS, LA ARSI 2%, 2014 AFAXAF 13.07km? | B4 J3E 1 ot A b 11
SR e ) T AR 2 B S I /IR A bR M S 2 BRI I A AR B v, R P W S 2 AR, B T AR
A, WAL TR BE SEI 5 I8/, Ul TR M B B L 2 IR 2508

() AEBRGMS BMEAWHE K 2014 4535 5.40x10"°7C, AR RGBT, HMEERGE RSN
{Ef, S WHFE RN ELR) 509% , HLER I 3 A S R GRS A b BRET 2™ AT R4 5 57 43
VEPR I EA P A HABZE Y A 25 R GUAR 55 O (B85 S 0 A H . AR AR 25 R GU A 25 ) A A7 A S5 2
S AR AR T A2 25 ZR G008 2 0 T DR UAR T AR 25 2R 48 o0 SR Bkl DX RV X 1)1 24 A 245 R G iR 55 K- 22
SRV AR AE S R G BRI B DU (R I—2 50 40) AR5 R G008 F /9 X B A2 A4 S R SE IR 55 K
F2EFEUIN

(3) BB T3 73 MR W], £33 AL 3 S 52 W 012 2 Mt DX A 25 R G AR 55 M (B A 19 B R B IR R, 10
R XA S R GE R 55 I (B S A 2 R B A JRAN TR & Bk AT I X 3 A 25 R e 55 (BT AR 3RS AIL 4K
SRIERAM T AT,

£ 2% Lk ( References) :

[ 1] Ak, AER, Bk RKRE, XL, skBm, S0, B4, . b EEREBES RGNS i 5L 2. iEkPwik
J&, 2009, 24(6) : 571-576.

[2] WongC P, Jiang B, Kinzig A P, Lee K N, Ouyang Z Y. Linking ecosystem characteristics to final ecosystem services for public policy. Ecology
Letters, 2015, 18(1): 108-118.

[ 3] Fisher B, Turner R K, Morling P. Defining and classifying ecosystem services for decision making. Ecological Economics, 2009, 68(3) : 643-653.

[ 4] HouY, LiB, Miiller F, Chen W P. Ecosystem services of human-dominated watersheds and land use influences: a case study from the Dianchi

Lake watershed in China. Environmental Monitoring and Assessment, 2016, 188(11): 652.

] EEW, BT, X, TRE, B, T Bl ARRY XAESRGIRS DReM G, AE8%H, 2009, 29(1) : 523-531.

[ 6] XAk, thReme, FFMIR, Authe. K& ARMAY KASREARY RN EAL. 550, 2014, 34(1) ; 82-87.

1T, SREE, BRSNS R GRS (IR AR SAR, 2015, 26(10) : 3137-3144.

] Egoh B, Reyers B, Rouget M, Richardson D M, Le Maitre D C, van Jaarsveld A S. Mapping ecosystem services for planning and management.

Agriculture, Ecosystems & Environment, 2008, 127(1/2) : 135-140.

[ 9] Zhang J Y, Ma K M, Fu B J. Wetland loss under the impact of agricultural development in the Sanjiang Plain, NE China. Environmental
Monitoring & Assessment, 2010, 166(1/4) : 139-148.

[10] fmdh, BiFE, BFE, HE, B —MRETERMRNAESRGEMS HrE I k. ARES4R, 2008, 23(5) : 911-919.

[11] WA, 270K, Wh/Vi. sRDUBTT R 2B 25 R G0 R S5 I (i 23 AP AE. o AR 25241, 2014, 25(3) : 883-891.

[12]  BARfERR, 28308, R, BEREoR, WAL, ) Padbin e A S R GRS A, B4R, 2011, 22(11) ; 2977-2986.

[13] Mg, Monke, Wicw, skocks, MREW], FFA, Binl. JREAeme SRR S5 E—ipir s as A 50 k. A%

%, 2014, 34(13) . 3635-3649.

http ; //www.ecologica.cn



12 G 38 &

[14] XEFHE, Sd, FRA, S5 FREMEIPAG T WTP EF WTA EE S AEX Bt —— LU WU EE & 5 IR A S AR
o). A4, 2015, 35(9) : 2870-2879.

[15] ik, RO, BIEW, 5101, 2RUE. T 25 45 PUIL RIS RS SRER 25 A RHIE. AEZSBRE2AA, 2015, 24(9) : 1493-1498.

[16] Zheng Q, Zhang R J, Wang Y H, Pan X H, Tang J] H, Zhang G. Occurrence and distribution of antibiotics in the Beibu Gulf, China: impacts of
river discharge and aquaculture activities. Marine Environmental Research, 2012, 78. 26-33.

[17]  Wbesih, s, SREBI, BRSO, Zdo38. JT A Anm AR (2 4 R i) AR S R G IR S B D st A ARRIRZA3R, 2015, 30(8)
1243-1254.

(18] B, MRS, FIEH, 06, PREA. ST RIEFFIG MR AR AT M. SRR, 2015, 19(4) : 657-668.

[19] Holzkdmper A, Lausch A, Seppelt R. Optimizing landscape configuration to enhance habitat suitability for species with contrasting habitat
requirements. Ecological Modelling, 2006, 198(3/4) : 277-292.

[20] Villamagna A M, Angermeier P L, Bennett E M. Capacity, pressure, demand, and flow: a conceptual framework for analyzing ecosystem service
provision and delivery. Ecological Complexity, 2013, 15 114-121.

[21] Bifh, BREON, HIEZ, KA. Ll AR RDE I T iAol A 3 R GRS DR E I —— AR g HOA ). AR 249R, 2017,
37(10) : 3311-3326.

[22] Wang S X, Wu B, Yang P N. Assessing the changes in land use and ecosystem services in an oasis agricultural region of Yanqi Basin, Northwest
China. Environmental Monitoring and Assessment, 2014, 186(12) . 8343-8357.

[23] Li TH, Li WK, Qian Z H. Variations in ecosystem service value in response to land use changes in Shenzhen. Ecological Economics, 2010, 69
(7): 1427-1435.

[24] BRAMITL, XU, B, ShE, A S04SR Rt BRI AR, 448244, 2008, 28(11) ; 5521-5531.

[25] XHHE, 22508, 20, fXTT, PRE. JETBUROLIN S AR bR SO R B . B AR 5240, 2009, 20(5) + 1125-1131.

[26] Huang C B, Zhou Z X, Wang D, Dian Y Y. Monitoring forest dynamics with multi-scale and time series imagery. Environmental Monitoring and
Assessment, 2016, 188(5) : 273-273.

[27] RGEEF, k%, @&, a5, MOBAE, SEBUE. WG RCR LA W AR R MO S IR R T R, EARER, 2011, 31(7):
1925-1935.

(28] BUAAME, B4, MR, R, Bokde. AR AR S RGNS DIREM (HASAITAS . 422524, 2015, 35(7) : 2255-2264.

[29] =R, AR, T2%, EHISE. 1990—2011 4F =R FE X AR A R G MRAS I (B R UK B 7. A5 4, 2014, 34(20) : 5962-5973.

[30] HGERI, £/0r, B, BK, BRE. AL FARCE BUK RS BE R KA. BT AR 252740, 2015, 26(1) : 260-268.

[31] Carpenter S R, Mooney H A, Agard J, Capistrano D, DeFries R S, Diaz S, Dietz T, Duraiappah A K, Oteng-Yeboah A, Pereira H M, Perrings
C, Reid W V, Sarukhan J, Scholes R J, Whyte A. Science for managing ecosystem services: beyond the millennium ecosystem assessment.
Proceedings of the National Academy of Sciences of the United States of America, 2009, 106(5) : 1305-1312.

[32] White C, Halpern B S, Kappel C V. Ecosystem service tradeoff analysis reveals the value of marine spatial planning for multiple ocean uses.

Proceedings of the National Academy of Sciences of the United States of America, 2012, 109(12) ; 4696-4701.

http ; //www.ecologica.cn



