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Abstract : Ecosystem services are the direct and indirect contributions of ecosystems to human wellbeing and survival, and
they provide cultural and economic benefits for sustaining and fulfilling the well-being of humans the living organisms.
Wetlands. are an important component of ecosystem environments, especially for economic and agricultural development via
their roles in flood reduction and nutrient cycling, as well as water conservation, regulating atmospheric composition and

maintaining biodiversity. In recent years, many researchers have studied spatial ecosystem patterns and factors influencing
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the value of ecosystem services, although few studies have focused on how the intensity of land use in these areas affects
ecological changes. We selected the Ebinur Wetland Nature Reserve as our study site to analyze the spatial distribution and
dynamics of ecosystem services. We used 1998 TM Landsat images, 2006 ETM+ Landsat images, and 2014 OLI Landsat
images to analyze land use changes over these periods and used the computational formula from the Costanza ecosystem
service value to study the auto-correlation of land use changes in the study area. The results of the study are; (1) Over the
past 20 years, land use significantly changed, with all land use practices increasing except in the water area and bare land
area. (2) Changes in ESV (Ecosystem Services Values) were been insignificant in the past 20 years, with ESV decreasing,
suggesting that the ecological environment is subject to a degradation trend. (3) The spatial-temporal variation of ESV was
prominent; spatial correlation was significant and the degree of spatial agglomeration was relatively high in the study area.
High values were distributed mainly in the water area and wetland region, with these high-value regions exhibiting a
decreasing trend. Low values occurred around the lake areas, which increased over time. (4) The influence of spatial-
temporal changes in the ecosystem service values was insignificant and human driving factors will become'the main driving

forces influencing the spatial-temporal changes of ecosystem services values.

Key Words: ecosystem services value; spatial—temporal variation; spatial correlation; Ebinur Wetland Nature Reserve

FIIAR TR R R BRI R BRI AE S REMSS Y S R G A RS R G S5 G R
TIAE B SR BN e SRR S5 R N A AR FUR SR I SRS R SR BE AR, RS RGRSs DR A=
BRGGEB I RIE R NI AT R IR IR BE S 0F XM (8 HEA 7 2 5 DPAG RS & S0 L 5 PR 5%
B

MR R S R G B G, A B 5 R T R e A BT i Bl AR 2 A A
Mess Dae™ o EBEAE T AL HERR A I DRI T AL A , Wi A A5 R EE M 3 ™ A, (R Sk 224 3% JF I
PR AR 25 e 55 THRE BT ST . A1 Turner 55752003 4F$12 HH AR AR A5 22 57 70 M BUME SR e 28 8] 73 A7 07 i, it
A 25 R G T B PA B A T K s P 1) SR AR A ) s Mitsch S5 430 1 AR T RUBE 3t A= 25 R
G55 DI REM {E ; Daubert ZF 3P T /R IGLEAR M B ; Richard 55 4 I RZS T IR HbA: 25 R GE 55 DI RE I 22 1) K%
WHETFAN T HeAh RS R GRS I EAE AR B A S R G DL R A B A SR O
PEAG ST T RIS 21 HE204) IR0 WF 5% 8 4 11 25 3 R TF, 43 30 AE AR B2 | =3t ™ ) =
FAUNRH Y REVD LD ARG A T T IR AN (B PP S, ER P S R AR T e A R A8 SR
AR W RUBE b AT B RO 552 PG b T 2 X LM i B e s 5

ZE VST i 25 B R 2 (A1 RO 1 2 M ER AN, A 1 ik 500 1) R R 2 22 1) S BB 8
25 ) F A OG  dad 2 1H) 0 s R Rl g e R AR RSk R AR S R G S I (TR R A A
() SCHR M, Y FT R B AT 045 P AR ST ST, 200 T B R S TR RIS 2 P | PR G 5 AT 50 A 35 R N (L SR
JE RIS R 2SR G R S5 (L 28 1A% R RRAE ™

FEXSPYAE T T DX A 25 R GEM ELPPAG A (B GETH AR SN & (0 7 TR A DR PR TR DR — TRy 2218, Z24F
KA T AR S5 XA S HEE M AR DR DX AR SR AN WAL, DRI SCLASE ) A AR PR3 X O HEIX J it
XFSLLE I3 F AR DR DX A 25 R G55 DO RE M (EE S0P , Xk S A ORAP S L9138 i bRe S be i o 2R 25
WL AR I, A —E R B ISR X

1 FREXHR

SCHCIATE L A AR PR DAL TR SR R BE R Sty IR N T P (44°30'—45°09'N, 82°36'—83°50"E ) M 4fa 1
AR SR G AR FEAT X R o b B RS R St A IR PRSI B B SRl AT Ll 1 T2 A S TEE
IR ZH PP AR M R/ ARV AR v, b SRR Bt 6, 2 MBS /R A A S R R AR A i B X, 3L 1

http ; //www.ecologica.cn



4986 A E = 37 &

WA TR DA A 0K T AR O AT BLAE 6 B KU PR ., 2 2007 4F 4 1k 1 9 Bt
M R A SRR AR DS SR A T AR S, 50 A, F SRR 0
AELRIEL AP SC A BB K 105,17 mm, A6 Bt 1315mm, AFPR BTG B CIRALE SEHOE I T 47
- AR TSSOSO A I R ARG S MR KR e R
AP PSS B33, L 11 AR P HE A T29 400 A, S8 MR 30, 819 IR
Bt TR T AR S, S M) RS WO RS0, EEBEUMD T B 2 Ol T
B

>z

45°00'N

FE 4] g S ¥
4qea0' |- I okik - U e
W ks o S
] ki . C A
[ i W .
[ -
gy D 20 40km
(R Sy ‘ ‘ |
| | 1
82°40" 83°15' 83°50'E

E1 HRRUEER
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Table 1 The ecosystem service value per unit area in different Chinese land ecosystem

HEBRGRS W (4 Ecosystem. service value/ (JG hm™2 a™')

IR 55261
Service type T it i Kk A it
Wetland Forest Grassland Water Unutilized land

SAATAFT Gas regulation 1547.10 3097.00. 707.90 0.00 0.00
ARV Climate regulation 14697.50 2389.10 796.40 407.00 0.00
JK UG TR Water conservation 13322.30 2831.50 707.90 18033.20 26.50
I W 5497 Soil formation and protection 1469.70 3450.90 1725.50 8.80 17.70
WAL Waste treatment 15625.70 1159.20 1159.20 16086.60 8.80
LW ZHREPEAE D Biodiversity conservation 2148.80 2884.60 964.50 2203.30 300.80
¥4 Food production 257.90 88.50 265.50 88.50 8.80
JEATEL Raw material 60.20 2300.60 44.20 8.80 0.00
184K 304K Entertainment culture 4770.20 1132.60 35.40 3840.20 8.80
At Total 53899.40 19334.00 6406.50 40676.40 371.40

2.2.3  fRURPEFREL

15 FHBURAEFE B CS) Wi LR S R GRS B (ESV ) BEI [R] 22 Ak 3t A= 28 RGEANE(VE) BRI L, DLt
S 56 UE T e A S R B B IE B AMIGTIX . €S 38 VC 723 1%51# ESV IZSALIRDL, €S> 1, {3 ESV
X VC B AL, CS B, VC BIMERITEB G ; CS<1, F B ESV X} Ve B=Z 3k, B CS<1, Ve BY{E i & ek
PG, #R S A R R A S (E BERT R AR fb (A HERA P . AHIFTE K 25 1 oo A FH 2678 1 A= S 0 1 R 53931
R AR 50% KA ESV RYARARIE DL, HA R AR T,
Cs = (ESV, — ESV,)/ESV,
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Fig.2 The flowchart of spatial-temporal variation analysis of Ecosystem Services Values in Ebinur Wetland natural reserve
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Table 2 Change of land use/cover on the Ebinur Wetland natural reserve from 1998 to 2014

AEA TiH AR 4 i Tt PINZS b b, B A
Year Ttems Forest Saline land Wetland Water Desert Bare land and other
1998 AV hm? 7023 53326 26035 51217 16816 162695
2006 8940 36373 45751 59235 9063 157750
2014 18502 73251 35304 33392 33765 122899
1998—2006 AL/ hm? 1917 -16953 19716 8018 -7753 -4945
AR IH L/ % 3.41 -3.97 9.47 19.57 5.76 0.38
2006—2014 AR/ hm? 9562 36878 -10447 -25843 24702 -34851
AR AEIH L/ % 13.37 12.67 -2.85 -5.45 34.07 -2.76
1998—2014 MRS L/ hm? 11479 19925 9269 -17825 16949 -39796
HE AL L/ % 10.22 2.34 2.23 -2.18 6.30 1.53

32 ABRGMSSMERSISZL

F TR DX L R /B R R 53 5 Costanza 551 NI 2 BRA 25 R GE AL IR /3 A 58 42— 8, h 19
BIRTR] L/ BRI B A S R GRS M fE, A SCHE Costanza' ™ i SCI A 28 28 G 28 R 52 X 3] 431
WA/ AT IR (R 3) . SH AR R A S R GO 55 IR (R 1) , MWTFEIX 1998—2014 4
(] F4 A S B AR A LA T T ARG (3R 4)  FE T R oy, AR BBOM ol 0 0 3t 7 206> bl 70
VEURIRR Mt K A A b T B AR 43 B AR H st =22 e 200

®3 5LF A/ BERERANENESRERBREESHERS

Table 3 Ecosystem types corresponding to land use/cover types and their ecological value coefficients

- 2 R 1 3 K35 RF 3

land use/ cover types Forest /grass land Wetland Water Unutilized land

XF LA S R G

Ecosystem types corresponding to land use/ FRAHNEL b IS TR B/ Vo Rt R HA
cover types

HESE RS Ecological value coefficients 12870.25 53899.40 40676.40 371.40
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U/ D ) A b e HAth - b 7 A

M 5 AT LIE3], 1998—2014 AFEH A ARECHLEY ESV K B2 b 2 K, B KB R 10.25% 3850 T 1.41%
10% JC, B4 A AR fL R UK 2 A R0, 3900 T 5x10° JT , SR i/ D (AR AL d K, e KA - 19.40% , 1998—
2006 4F-HATE] , ESV 340 e R A2, ESV 3800 i B e R TP B, AR AR (L 38k 51 -6.25% , 2006—2014 411
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F a4 1998—2014 EX LB BARPREDSREERESNE

Table 4 The ecosystem service value on the Ebinur Wetland natural reserve from 1998 to 2014

FA—— 1998 2006 2014
Land use/cover types fiffi_ " fiff_ " fiff_ "
Value/10° 72/ a Value/10°7T/a Value/10°JT/a
MRECH Forest/grass land 0.86 2.35% 1.09 2.15% 2.27 6.35%
EhHiHh Saline land 0.19 0.52% 0.14 0.27% 0.27 0.76%
B4 Wetland 14.03 38.37% 24.66 48.74% 19.03 53.25%
7KAR Water 20.83 56.96% 24.09 47.61% 13.58 37.99%
VD Desert 0.06 0.16% 0.03 0.06% 013 0.36%
b S Al Bare land and other 0.60 1.64% 0.59 1.17% 0:46 1.29%
J3T Total 36.57 100.00% 50.60 100.00% 35.74 100.00%
F5 1998—2014 £ LLMEM B AR RESRGREZNETLER
Table 5 Change of the ecosystem service value on the Ebinur'Wetland natural reserve from 1998 to 2014
FHREE ARG A W i ik pi PR
Time interval ~Change of the ecosystem service value Forest Saline land Wetland Water Desert and other
1998—2006 A& RFEM S MELL/ %108 TT 0.23 -0.05 10.63 3.26 -0.03 -0.01
AEAAL A/ % 3.34 -3.29 9.47 1.96 -6.25 -0.21
2006—2014 B FREMSMEAEL/x10% T 1.18 0.13 -5.63 -10.51 0.10 -0.13
AEAL A/ % 13.53 11.61 -2.85 -5.45 41.67 -2.75
1998—2014 A& RFEM S M EL/ X108 TG 1.41 -0.59 5.00 -7.25 0.07 -0.14
AEASAL A/ % 10.25 -19.40 4.45 -2.18 0.73 -1.46
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Fig.3 Spatial differences of the ecosystem services values in Ebinur Wetland natural reserve

F6 1998—2014 EX LB BARPREDREESRESKBMETK

Table 6 Change of various types of the ecosystem service value on the Ebinur Wetland natural reserve from 1998 to 2014

1998 2006 2014
Mk 552514 i fE e e
e HeF Hef¥ Hew
Service type Value/ % Value/ % Value/ %
§— Rank §— Rank s — Rank
(10%5T) (10%7T) (10%7T)
ARV Gas, regulation 0.54 1.47 7 0.88 1.73 7 0.90 2.51 7
S AEH TS Climate regulation 4.15 11.33 3 7.11 14.03 3 5.62 15.72 3
KR FE Water conservation 12.89 35.23 1 16.99 33.54 1 11.11 31.08 2
i%g %ﬁz%ﬁﬁq#‘ . 0.61 1.67 6 0.94 1.87 6 1.04 2.91 6
Soil formation and protection
PEAEFE Waste treatment 12.41 33.91 2 16.80 33.16 2 11.12 31.11 1
ét%% #Wﬁébﬂ . 2.52 6.90 5 3.07 6.06 5 2.54 7.11 5
Biodiversity conservation
Y7 Food production 0.10 0.27 9 0.20 0.40 8 0.08 0.23 9
JEAT R Raw material 0.10 0.28 8 0.14 0.27 9 0.24 0.67
12 54 Ak Entertainment culture 3.27 8.94 4 4.53 8.94 4 3.09 8.66 4
A1 Total 36.59 100.00 — 50.66 100.00 — 35.76 100.00 —
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Table 7 The total ecosystem services value and the sensitivity coefficients after adjusting value coefficients( 1998—2014)

ESV 1998—2014 4EAS K 1E B WERBCEAL R
ESV/10%5C Years of change from 1998 to 2014 The influence of the change about value coefficient
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