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Tab.1 Ecosystem service value per unit area for different land use types in Bosten Lake basin
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AR 88.5 2300.1 44.2 8.8 0 107.78 17.96 0 0
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Tab. 2 Ecosystem service values (ESV) and land use changes in Bosten Lake basin (1995-2018)

- il i AR i/108 7T RSB ARAL 2 /%
RE 1995 4¢ 2005 4 20104 20184 19952005 4F 2005-2010 4¢ 2010-2018 4F
Mt 19.520 23.560 30.256 35.246 20.698 28.420 16.493
Pt 19.904 24.467 16.695 16.232 22.925 -31.765 2.772
it 198.157 181.555 190.897 176.117 -8.378 5.146 -7.742
K3 272.732 275.545 271.251 272.780 1.031 -1.558 0.564
gt daEhil 0.015 0.021 0.037 0.042 37.936 76.691 15351
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AT 7.720 8.259 7.355 7.933 6.979 -10.946 7.859
it 557.428 553.399 562.846 551.893 -0.723 1.707 -1.946
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Tab. 3 Changes in the values of ecosystem services in Bosten Lake basin (1995-2018)
R4S B/ 108 7T BAE /%
e
1995 4 2005 4 2010 4F 2018 4F 1995-2005 £ 2005-20104E  2010-20184F
AR 28.207 27.423 27.976 26.506 -2.780 2.018 -5.255
SAE 41.618 40.814 43.412 41.487 -1.932 6.367 -4.435
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LA AL 63.073 60.323 63.055 59.970 -4.360 4.529 -4.893
P Ab 3 159.812 159.323 162.097 160.461 -0.306 1.741 -1.010
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JRAA ) 4288 4.780 4.044 3.947 11.471 -15.394 -2.397
IR A 31.716 32.241 31.984 31.806 1.655 -0.797 -0.559
it 557.428 553.399 562.846 551.893 -0.723 1.707 -1.946
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Fig.2 Proportion of single ecosystem service value in
Bosten Lake basin from 1995 to 2018
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Fig.3 Contribution of each ecosystem service in Bosten Lake basin (1995-2018)
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Tab.4 Trade-offs and synergies of ecosystem services in Bosten Lake basin (1995-2018)

it ST AT OKIRELYS EHORR RMAE EMEREEGRY adrs EME SRSk
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AR

AR 1.03
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JEAL 0.62 0.61 -0.80 0.18
EXVEZEcTVS A 0.98 0.96 -1.26 0.28 1.57

‘AT 0.08 0.07 -0.10 0.02 0.12 0.08

JRAA R -0.63 -0.61 0.81 -0.18 -1.01 -0.64 -8.29

I UK ST -0.67 -0.65 0.86 -0.19 -1.07 -0.68 -8.84 1.07
20052010 4F

SRR

SIS 4.69

KIS 0.13 0.03

THETE K 4.94 1.05 37.85

A3 5.01 1.07 38.43 1.02
W REVER Y 0.68 0.15 5.23 0.14 0.14

LV ENs 2.41 0.51 18.44 0.49 0.48 3.53

AR} -1.33 -0.28 -10.19 -0.27 -0.27 -1.95 -0.55

5 5R SCA -0.46 -0.10 -3.56 -0.09 -0.09 -0.68 -0.19 0.35
20102018 £F

AR

A 1.31

IKPEALL 0.84 0.64

T 2.10 1.60 2.50

JEAL R 1.11 0.85 1.32 0.53
M Z R 0.97 0.74 1.16 0.46 0.87

' -0.07 -0.05 -0.09 -0.03 -0.06 -0.07

SRR 0.07 0.05 0.08 0.03 0.06 0.07 -0.92

5 UK ST 0.12 0.09 0.14 0.06 0.11 0.13 -1.69 1.84




34 43 B 2 1) X E A ¥ 3 X 2022 4F 3 A
WA, R WAL X IR A S R SR S5 ThRE 1A) 1 K R 1B VLSS I R AR 2 FEPE CR Y IR AL 3 4 A
et . BSRGRSIIEEAT A el K, BREWMAT RS MR
3 it A EW EE 4 REFDI6E, KM E kR 8w,

2 NRTES T2 BRI R B 52, s
iR FH 2R R AR B R AR Ak, 551995 AR AR LE, 2018 411
B 15 P Hb TR R B 360, A2 S RA LI A B)
TEAR KRR L Rom AL 25 R GRS ThRE R AE M N 1 %
A (PSSR, 2016) , 3 N T R FH 2R B A 3
Ak, T E— 25 52 A 25 2R G0 R 45 1) /A BUAE 5
[F)OC FR o ASHIFFUH , 5 407 0 A At 35 I 45 T ) % &%
b A G RO 4 ST, RIZ XA S R
Gulr 55 D fe Rl iR e iz i T 10 i

TELIUT I T A 4 2R 2 R G IR S5 AN T B A B AR Ak K
R EW D ESA ESRGRSMES AT
M Ak L35 T AR (Vitousek et al, 1997) f 4t 2= 42 B UK
VI H 5% (Swallow et al, 2009) , 2005-2010 4E , [ VA
X & HBUNTIE H G T — RIS/ 1)
b PV, T AR S R GRS (A 2 I Ik
N2 9.447x10° 76, PRI D& & o5 85 SR 5 53 AME
1995-2005 4F 2 2010-2018 £E Jiit 485k 4= 25 & Ge iR 55 1
E LR T RS, R R N SR Bl 72 5 e X 3
EERERGMESMEREZER R, AN CIREE I,
T AE 7K AN e B2 B — RIE SRy AP AR, 3
2 DA S5 G A 5 R AR kR RO (2RI
2,2019).

AL L 3 i U SO B 1R AT T 1995-2018 4F
HELL 23 A RGPS, MR IR A S RSk
FANE R 23 18] 43 S dEAT W 9L, FE PR N AN RS R
40 M 55 D e i BUAET 5 Bk IR 06 R HEAT VEAS L KB JR) 3%
SRRy AN 2 o A, 45 RS B R . SR Bk 2 0]
I ) b AL 5 0 R G R AT, R R ATY R A B
HAth 7 vk F B — P R R 5. RS 50T
T3 M AR RAN 8] R A 55 N X SR 5 0 [ 5K &%
Al e RN IE IR TS5 A 2 R GRS 2 T8 H IR S ML |
S N AL T S E

4 %t

C) T8 B s 3 3 10 A 25 R G R 45 4 1 EH 1995 4F
(1) 557.428 x10° JGIK /> 2] 2018 4 [1) 551.893 X10° JC ,
Horbr 19952005 AE0g A7 N % , 11 2005-2010 4F 52 3
& E T N4 9.447%108 75 , 2010-2018 4F £ H,
HR R &S, 98/ 29 10.953 X108 TG

(2D 147 B W A4k 0 M A2 235 R G IR 55 T Re oK

T DA P2 SR B8R R S A AN B DT k2 5/

(3)1995-2018 4= {# W7 it W1t 4k A 2 R G IR 5 i
L LA THI AR AR AR AR A = TR AR 7S R G R S5 I (B
AT X3 — B 4 32 5 07 5 2010-2018 AR AR
BRG RGN E B AKCE X b, A8 R
GRS A AKCE X I

(4 TR0 O VR 48 5 il 55 1) ) % 2 LA % R
Bk SS , P F] OC FOB WG 5, R IR S KRG K
2 IREIR] A R g ik T i o 1 0 s i sk -
R FH 8 38 A B N R iE B AR M R 2 B2 T, 2
Fh e UL AR S RG0S5 D Re R0 1S I esigst b o

(5) ) FH Y AR A R Mt 3k P9 ASUA B[R A
It A 225 DR A e, TR A0 s T gt 3 b R P A B
A RN RS RIS I E IR B S R
A FR IR A DY R R 5 AR Z AR R

RPN

MR ZZ IR « 248, KRB -3 77, 2241, 55,2018,
2000—-20714 4F 17 14 15 1 7 5 NPP I 75 25 40 457 A0 B2 52 1)
K7 #I1. b Bl 35(7):1743-1753.

W, TsHE, AL, 2016. B3 RG0S AUET 5 R BT
AR ] A &2 &, 35(11):3102-3111.

2EERE, TR, FEIE 2020, BT A R GRS I (E VR4
KU B [F] 9 2R [0]. AR A 23R, 40 (12):3909-3920.

X EZ B, 2R , 2017, E B3 s 23 R A8 4 B AL g b
PRI 504k e 5 (0] HE P 223, 72(1):161-173.

XUVE, YL, B R, 2019, 425 R GRS AU 5 P I 55 & &
UK By J3—— LAYT 95 48 KT 3800 B [0, 2R A5 4R, 39
(19):7067-7078.

I 30 T 5% 2 « B 7, 2021 F8 00 s 9 17 2 3 i A TR b
S KA P 4 R S T 25 B AR (0], W R, 19(1):
126-131.

2Rk, 5K BN A, 25,2019, Y1554 B = AR 7 Th g 45 AR
b J By FRUAET 56 R (0], 1 AR 92 U5 2% 4, 34(11): 2363~
2377.

A B, X 2R, 25,2016, PG A 7 A 35 R SR
25 (R 5 i I8 4 AT —— DLAR )1 28 b A 5] (0],
#,36(6):1731-1738.

AR BT AR TE, 25,2019, 3E T CLUE-S #5581 i 17
TP 1 3 b R 7 A 1 SB[, AT K AR
(EARRLEERR) , 37(3):345-352.

R, %I, 2Rt K, 45,2021, 2 A 5002 DR - 3 [E]
IR M 23 A% R A —— LA g T R XA (B SO [T].



2022 455 2 3]

KB IR S R R RS B SR RAE TR R A 35

Journal of Resources and Ecology, 12(2):225-240.

PR, % EFE, AT, 28,2019, FFHHIHLX 425 R GRS
BT 593 5] 9 Z8 (I 234 JB (0. B2 AR S 274, 3003):
995-1004.

BRIGEAE , A0 IE], 2000, I AES R R S EHM]. bRt &
EHH HAL.

T &, X2 2 WA, 2019, T SWAT B3k K 115K
TR A e b R R 15 S5 A X A I S MR B (3. K L R
W7 ,26(4):245-251.

BhE s, B8, UL, 2001, 4R RG0S W 18 1R A4l
BT R T]. BIERF , (6):5-9.

W, SR, W 0, 25, 2003, FE RAE S S IME
TEALT]. HAR BRI, (2):189-196.

A, X, YRR, 25,2000, HITTHUAE &R S5 DhRE MR
WA FELT]. VG R R E AR (B AR ERR), 31(11):72-80.

Z)H MR AR, MR, P A bz 7 5 X, 2019. 35 B
IR R AR A2 S R GRS (B R 0], R
b TR 244, 35(2):260-269.

e, TR M5, 25,2019, 2T /K BIE 4 X (6 34 ] 37 4ek
1 ) AR AR N SR B e SET]. B AR B IR AR 34
(2):274-287.

AT, WRBH & 2, HE 4, 45,2004, B #RMR A& R GRS 2D
fe S HAMEVHN ], BARBHR A4, (4):480-491.

A, BH & 2, R, 25,2003, A BRSNS R GRS
DIRERIFEMILT]. EAR LR A4, (1):118-126.

AR, AU, B ARG, 52020, = VLI E KA WA S £ 4k
55 I 25 A A=W 7] 5% R[], BRI 7T, 39(1):64-78.

Costanza R, D"arge R, Groot R D, et al, 1997. The value of the
world’s ecosystem services and natural capital[J]. Nature,
387:253-260.

Rodriguez J P, Beard T D, Bennett E M, et al, 2006. Trade—
offs across space, time, and ecosystem services[J].Ecolo-
gy and Society, 11(1): 28.

Schmalz B, Kruse M, Kiesel J, et al, 2016. Water—related eco-
system services in Western Siberian lowland basins—ana-
lysing and mapping spatial and seasonal effects on regulat-
ing services based on ecohydrological modelling results[J].
Ecological Indicators,71:55—56.

Swallow B M, Sang J K, Nyabenge M, et al, 2009. Tradeoffs,
synergies and traps among ecosystem services in the Lake
Victoria basin of East Africa[J].Environmental Science &
Policy, 12( 4) : 504-519.

Vitousek P M, Mooney H A, Lubchenco J, et al, 1997. Human
domination of Earth’s ecosystems[J].Science,277( 5325) :
494-499.

(FTE%HE K2 FH)



36 943 B 2 1 X oE A F L X 2022 4F 3 H

Spatiotemporal Evolution, Trade—offs and Synergies Among
Ecosystem Services in Bosten Lake Basin

ZHANG Min', Dilinuer-Aji'2

(1. School of Geography and Tourism, Xinjiang Normal University , Urumgi 830054, P.R. China;
2. Key Laboratory of Lake Environment and Resources in Arid Area of Xinjiang,
Urumgqi 830054,P.R. China)

Abstract : Land use in the Bosten River basin has changed dramatically over the past 25 years.
Studying changes in the value of ecosystem services as well as the trade—offs and synergies among
ecological service functions in the basin is thus important for coordinating social development and
improving human well-being. Based on land use data on the Bosten River basin for 1995, 2005,
2010 and 2018 and ecosystem service value tables, the ecosystem service trade—off degree (ESTD)
model was used to evaluate ecosystem services in the basin. Spatial and temporal changes in ecosys-
tem service values were then analyzed and the trade—offs and synergies among ecological services
were explored. The study provides scientific evidence for optimizing land use and managing ecologi-
cal services in the Bosten River basin. Results show that the value of ecosystem services in the
study area are trending downward, with the total value decreasing from 557.428 x10° yuan in 1995
to 551.893 x10° yuan in 2018. Grass land and water areas were the primary land use types in the
river basin, with much higher contributions to the total ecosystem service value. During the study
period, the total value of ecosystem services decreased slightly (1995-2005), increased by 9.447x108
yuan (2005-2010), and decreased significantly, by 10.953 X10® yuan (2010-2018). Spatially, the
value of ecosystem services was higher in the southwest and lower in the northeast. The highest value
was in the central and northern area of mountains and lakes, and the lowest was in undeveloped
areas. Among the nine ecological service functions, water resources, soil formation, biological diver-
sity and waste treatment accounted for a large proportion of the total value, while the contributions
of food production, raw materials and entertainment were relatively small. Trade—off modelling sug-
gested that synergisms have gradually become the dominant relationship among ecosystem service
functions in the Bosten River basin. Land use in the river basin has affected the trade—offs and syn-
ergies among ecosystem services, and balancing economic development and ecological conservation
is crucial for sustainable development.

Key words: Bosten Lake basin; ecosystem sercice value; spatiotemporal evolution; trade—offs and

synergies



