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Spatio-temporal change of ecosystem service value in Bosten Lake Watershed

based on land use
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Abstract: Assessments of the effect of land-use change and the ecosystem service value (ESV) provide critically important
information that has implications for ecological protection and the rational allocation of resources in terrestrial ecosystems,
especially for fragile and threatened ecosystems in arid lands. Here, we used the modified ESV evaluation and hotspot
analysis methods to analyze land use cover change and ESV from 1995 to 2018 in the Bosten Lake watershed. We found that
(1) the area of dry land and construction land increased continuously; the area of desert, meadow, wetland, water area,
and shrubland exhibited a fluctuating increasing pattern; and the area of bare land, grassland, glacier snow, broadleaf
forest, and coniferous forest showed a fluctuating decreasing pattern. (2) The ESV first decreased, then increased,
decreased again, and then increased. The ESV indicates that regulation and supporting services were the main services

provided. Water area, meadow, and grassland were the main factors contributing to ESV change: water area and meadow
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contributed positively, whereas grassland contributed negatively. (3) ESV was higher in the northwest than in the southeast.
The only high-value agglomeration area ( Bosten Lake) was distributed in the area of low ESV. The ESV significantly varied
along the north - south gradient in the watershed. The annual average area of wetland and water area, which occupied
3.61% of the entire study area, is the focus of environmental protection and ecological construction in the Bosten Lake
watershed. (4) The ESV hotspot area varied little during the study period, and the ESV cold spot area was larger than the
hotspot area and decreased throughout the study period. Conversions between desert, grassland, meadow, and bare land
systems were frequent, which led to significant variation in the ESV in the northern part of the study area. The increase in

the size of the oasis resulted in a change in the cold spot area in the southern part of the study area.

Key Words: land use cover change; ecosystem service value; hot spot analysis; Bosten Lake Watershed

BRGNS R NIGE RS R G5 S RN I e A5 20 A9 A A S R e SR IR g5 DA L AR A e
B AR 2R R A/ % 5528 1k (Land use and land cover change, LUCC) J& NS0 SR T4 4
AGMEE D el MBS R G R SR, W E SRS S RS R e +
MR AR BB 25 R GEMR 5 (L ( Ecosystem Services Value ,ESV) MSZMAHIFTE H 538 22 , BN + Mo F 42
R Z— JEBUS T3 ERT R T

HARRGM S Digede th Lok 7R B R GRS VIREME & S L 28  I(E = A DA ok R I 46 7 THTHR
BTE R 1997 4 Costanza' "' ZHg 78 T« 2 BRAE B RGNS IME U7 K Ak SRS M i
Pl 355 TS RG MRS M EPF I BLESERE . A4 Daily' ™ RN L FH RIS T AT RGNS Uik
PR BFFEfT s M EITAL A5, FRE 225 D\ 20 40 R ok bl 5 0 AR 8 R G IR &5 M (6 /B 5, 2003 41355 5
Ho T ZERR YR Costanza BT EEANEE T AT A o I ER 04 24 o DR 3R 0T B L 1 A AL BN (B Y e O
FEl AR5 2 Y B SRR TR 5, XTI A il A 45 DA S5 00AR o T8 A8 A0 A Xt ESV BRI 3 ook
ZeyE Y WK G PAERT T LUCC X ESV B 25 40 A5 A% Jy B B2 R SV RUBE IR b A s R ™) Bk A 45
12 Fl 30 A b A B [ S AU RSP T SV AR K 3h 3 il ESV S T A8 AL R ARAE ; T =) E
5if 20V AR AR S R GRS B T A A5 2 At SRy e A R T 44K R 2 OIS . 2015 A4F, i v ) 2t
Mg KR IEATETT AL 5, h S0 vEn H PP 30 B AR R R GRS DO RE R (B PR (it T S 5Eh . AR ST
Ay v i A 25 FR GE IR 55 (B 22 i PR J b 1) A A T TR 300 Js 0 i A 28 R G S5 M (B R s e A 5

RS 08 0 37 S e VG I P s, 2 LY 7 5 XL - - 2 o TR ARG Sy ) Bt 2 1 R AR Y 9 A 25
KRB IEAR S, R s T A A ThRE , insE e R 1 g ek A S 2R G IR A5 (1 A A 5 X6 S R P A
SRR RREL R R T 20 R I AR 28 R e e e SR B AR T e i SO (B, PRt A SC D A= R
Bt R A, et I T T gt e b ) FH AR b 5 A 2R R G IR S5 U s s e AR R, Sk i b R A A
SRt s%

1 REHR

T WA ST TR L SR 52 FIA N BN, X 3 SR 2 P b AR A AROR L v B )
MR -PEE TEIE AR AR 1L, PR BN AR 4 82°28'—88°20"E, JL4h 41°0'—43°32' N, kil Bl 79204.25
km?* MR S BEAT T 860—4739 m Z[H], AT X Rl AR FOAR B CRIER £ TSE E R fe 6 B (R4 R
T BRI T (BT SR A 7 A PR S ) DA R A B AR A3 DX (P 1) o TR 1A R T I DR
PETRAME, H BRI 3K =AY 60 mm, F. 80% LA 8 h7E 5 % -1 78 /% i 2368 mm, Jidl N
TR 2 T BEAEE e L DK K R R eSO o 080 Dl S L 4 3 W34 s BE A 72 1, 1 s AR 2 k1
FUTRHT | ) WEJEUHY WP I SR U Rty 45

http ; //www.ecologica.cn



5256 JAE = 41 4

>»z

43¢

—
U s
g
FfE/m

P 4739

- 1I%: 860

42°

41°
T

83° 84° 85° 86° 87° 88°E

E1 #ARRREE
Fig.1 Sketch map of study area
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Table 1 Coefficient table of the Ecosystem Services Value in Bosten Lake Watershed

_gxm B W T Ly
First category Provisioning services Regulating services Supporting services .
services
Yk =] R KRR Ak e ik K3 +3% HISEP G/l ¥
Second category A= Ay i3 P Rt $78: 1 iRt PREs MG ZHEE o
L4 Dry land 904.44  425.62 21.3 71291 383.06  106.40  287.29  1095.97  127.69  138.33 63.84
KT Paddy field 1447.11 9576 -2798.45  1181.10  606.51  180.89  2894.22 10.64 20217 22345 95.76
%11 Coniferous forest 23409 55331 287.29  1808.88 539473 158543 35539  2191.93 17025  2000.41 872.51
it Broadleaf forest 308.57  702.27 36178 2308.99 691632  2053.62  5043.60  2819.73  212.81  2564.36 1127.89
A Shrubland 202.17  457.54 23409 150031  4500.93  1361.98 356457  1830.17  138.33  1670.56 734.19
HEJF Grassland 106.40  148.97 85.12 54267 1425.83  468.18 104277 63971 5320 595.87 266.01
Hi41) Meadow 23409 35114 19153 1213.02  3213.43  1064.05  2351.55  1479.03  117.05  1351.34 595.87
1B Wetland 542,67 532.02  2755.89  2021.69  3830.58  3830.58 25781.93  2457.96  191.53  8374.07 5032.96
5 Desert 10.64 31.92 2128 117.05 10640  329.86 22345 138.33 10.64  127.69 53.20
#4 Bare land 0.00 0.00 0.00 21.28 0.00  106.40 31.92 21.28 0.00 21.28 10.64
KB Water area 851.24 24473 8820.97  819.32  2436.67  5905.48 108788.46  989.57 7448 27133 2011.05
VKBS Glacier snow 0.00 0.00 2298.35  191.53 5746 170.25  7586.68 0.00 0.00 10.64 95.76
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4.1.1 L HUR SR TE AR RRAE
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AF LA SR DASE B 3 RO B f) R, AT S AR LG R 30.47% ,24.15% ,23.16% , T #E AR FlZK H
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F2 19952018 FiEHTEMTIS LA AEA TS LS E
Table 2 Land use area percentage and dynamic degree in the Bosten Lake Watershed from 1995 to 2018

) AR = R 2SR G ARk P W B A R
A A Proportional change of different land use types/% 19952018 AFZEMLAR T of single
Land use types Rate of change/%
1995 2000 2005 2010 2015 2018 land use/%

FEE Desert 28.73 27.60 27.15 34.13 32.62 32.58 13.41 0.55

Eif5) Meadow 23.06 23.86 23.08 24.88 25.01 25.03 8.47 0.34

#Hh Bare land 26.10 27.11 27.63 18.99 19.65 19.48 -25.35 -1.12

B Grassland 11.03 11.06 10.87 9.04 8.94 8.93 -19.04 -0.85

4 Dry land 4.03 4.06 4.99 6.34 7.39 7.52 81.97 3.51

JBH Wetland 1.89 1.91 1.89 2.12 2.09 2.08 5.92 0.23

JKIK Water area 1.45 1.61 1.56 1.67 1.68 1.79 24.11 1.01
PKJIFRE Glacier snow 1.83 1.25 1.20 1.34 1.25 1.18 -19.71 -0.88

11 Coniferous forest 0.77 0.70 0.70 0.47 0.63 0.63 -18.01 -0.81

W& Broadleaf forest 0.73 0.70 0.79 0.64 0.38 0.38 -47.85 -2.09
iiﬁi:ﬁon land 0.24 0.28 0.33 0.49 0.65 0.67 181.36 7.81

A Shrubland 0.16 0.53 0.51 0.33 0.34 0.34 115.40 4.96

/K Paddy field 0.00 0.00 0.00 0.02 0.02 0.02 — —

TEA R ROBIFFE IS 301 , 0TS T 4 A% 2R AR A 1 AN [RIRE S 728 A, 32 B SR A 5 M s P ot e AR
2 FSTRENC RTINS U L T 0 N $2 BB R 2R 3 U e O AN 1L o 2 e/ 0 <O
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MEARAEBRAR LR , b N 1995 4E11) 4.03% 34 % 2018 4F 1) 7.52% , JLHZTE 2005—2010 4F 52 4y 1 £
0 | EE e F M B n a H  HREA — 3
4.1.2 T HUF RS RRE

FUHH L0 F P AL A B (3R 3) W45 M 2S5 ARG th i AR e AT ge i, ARG 3 0T LI H 190 1 A ok 3
1995—2018 A FH 3= 2205 A 58 ARG T AU R A 43 0l S S RN AR b, | LR R IR, S A
T FLIR 854.63%10° hm® , FEBLHE A UE AR MY 78 JFUA ) 5 B b (04 5% 1 T AR 922.05% 107 hm*, 23 4[] 222
BE S A, FEAR A B FRGA 703.81x10° hm? ) 2L A SRR & B HUR A b B 5 3 AL [ B
i), HOUORTEWE, A ST R BRI R R, IV AZETT &R 5 B 1 2 2 R R e e, b T
TRt AR F2 B FE0BE | R J A e 5 A FH b P e AR VR 2 B R T B ALl , B X Ttk AT TR I &
FIH,

R 3 1995—2018 4 EHT RS IS+ A AEE R EERE/ (10° hm*)
Table 3 Conversion of different land use type in Bosten Lake Watershed from 1995 to 2018

1995
wINRE . - Ly . R KR it
2018 G la('ie? i R A e L Broadleaf L Conjru(‘tion 3 Water Coniferous
T Meadow  Grassland  Shrubland ~ Dry land Desert " Bare land o Wetland ’ . )
snow forest land area forest
I
) IjF - — 0.03 0.26 0.00 0.00 0.12 0.00 39.84 0.00 0.00 0.00 0.01
Glacier snow
B )
9.97 — 309.47 1.45 8.44 45.57 4.26 271.22 1.02 8.90 1.69 41.82
Meadow
F
0.21 312.65 — 1.68 9.80 120.55 18.40 40.46 0.15 12.68 1.45 2.87
Grassland
A
N 0.00 2.25 4.51 — 2.57 8.43 3.62 2.97 0.00 0.67 0.26 0.00
Shrubland
P
0.00 24.21 87.10 3.50 — 157.68 13.90 19.70 6.92 5.29 1.62 0.27
Dry land
ikt 0.85 107.23 182.86 1.70 6.85 — 9.41 535.98 1.00 4.61 2.69 1.46
Desert
(L
0.00 1.23 4.99 0.52 9.12 7.76 — 1.32 0.70 0.01 0.05 0.01
Broadleaf forest
it
58.45 51.21 71.58 1.81 0.55 194.44 1.61 — 0.25 0.35 0.09 2.01
Bare land
7B i
—UH ﬂ]' 0.00 1.03 1.37 0.13 19.02 19.40 1.40 1.43 — 0.00 0.34 0.03
Construction land
b
0.00 28.10 6.91 0.00 3.33 4.61 0.47 1.24 0.05 — 3.61 0.00
Wetland
JKH
. 0.00 0.11 0.17 0.00 0.20 0.07 0.00 0.87 0.00 0.03 0.05 0.00
Paddy field
K3
0.09 13.63 4.28 0.37 2.52 4.77 0.29 3.72 0.25 7.92 — 0.72
Water area
o
0.00 20.30 12.10 0.00 0.00 1.94 0.19 3.31 0.00 0.00 0.00 —

Coniferous forest

4.2 ERRGNRS AR 2 24T
421 HEBRGEWRFSNEBENSEL

2 4 FAEZS DB (18] 2) WA, 1995—2018 AR LTS i1 ik ESV VA T 522 3t/ I3 -0/ N385 K Y
P A A TTERR SR 52.36% , T s 1l 23 4R ESV SN T 50.9 1278, B ey
8.53%, ‘TELESV M5 A K i R T ER K H RS TR Z N 76.18% , /K I A )
P e A et BT SN [ R NP e s W DAV 7 82 S U B 1 S O 1 7 1 7520 S 5l N e N el L B
-23.82% , HFoe i EE B T sTEk B, K ) R ESV AR R 2 TR P - AU 1
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WA LR RS F (5 4) , T 99 3 3 ESV 3528 ply 0 ) /K 3l A0 8 3t 4 2, S48 o HE 23 1A
37.13% 27.47% K1 13.87% ; ESV BARAEHEA , 5 SR Y 0.75% , HUOZ R HFIK H, 4350 &5 HE 0.62% Fil
0.01% ., M ESV HY4EPRZEALE ,1995—2000 4E I, ESV H4A1T 17.90 1250, =538 fin sk 5 2 K A4 25 R 4 ik
%M ;2000—2005 4EHIR ESV I8/ T 10 4270, 3% 5 5 4F [a] F ) A0 /K B8 i T AR 20 B2 1F M 56 56 & 5 2005—
2010 AFyids ESV AR BRAR L3 iR i K, 3K 35.40 427G, 3X 5504 K SR Hb T AR A 3 in 2 1EAH ¢ 52010—2015
ESV /b 2.25 127G, ZE AL IR BE /1N ;2015—2018 4FE-Jidk ESV B3N 3= BRI &K kA= 25 R A MR 55 M (8

x4 BHEEBHREARESREERHNMESTL
Table 4 Ecosystem services value change of different ecosystem types in Bosten Lake Watershed

B RGMS (A AL

: B T
A RGNS M BSV/ 104G JFALJEg LK Change o ESV/10°5

1995 2000 2005 2010 2015 2018  proportion/%  1995—2000 2000—2005 2005—2010 2010—2015  2015—2018
Bifg 222,18 22829 220.85 238.60 239.44 239.47 37.13 6.11 -7.44 17.76 0.84 0.03
K, 153.09 169.34 163.68 176.03 176.63 188.78 27.47 16.25 -5.66 12.35 0.60 12.16
i 8274  83.01 8235 9255 90.90  87.08 13.87 0.27 -0.66 10.20 -1.65 -3.82
K 47.13 4693 4614 3847 3795 37.92 6.81 -0.20 -0.79 -7.67 -0.52 -0.04
Fiei 26.64 2541 2500 3150  30.05  30.02 451 -1.23 -0.41 6.50 -1.45 -0.03
i 13.61  13.95 1645 2110 2460 24.61 3.06 0.34 2.51 4.65 3.50 0.01
KINRE 19.18 1243 1340 1470 1372 1530 2.37 -6.75 0.97 1.30 -0.98 1.58
[[as 1412 1352 1522 1238 732 132 1.87 -0.60 170 -2.83 -5.06 0.00
it 1144 1022 1023 698 932 932 1.54 -1.23 0.02 -3.25 2.34 0.00
A 200 678 648 426 429 428 0.75 478 -0.30 -2.22 0.03 0.00
it 440 454 463 319 329 326 0.62 0.14 0.09 -1.44 0.11 -0.03
JKH 000 000 000 006 006 006 0.01 0.00 0.00 0.06 0.00 0.00
B3t Total values  596.53 61443 604.43 639.83 63758 647.43 100.00 17.90 -10.00 35.40 -2.25 9.85

Vil

[ fara stk A+
30 L B EmsmpEs

20

. %%, B
L — —

A FHR® Contribution rate of ESV/%

KINME Ff RE AR R R MMt Bt B kW ki g
LM AR Land use types

B2 1995—2018 F£EHTEHRINESTEHE

Fig.2 Contribution rate of ecosystem services value of Bosten Lake Watershed from 1995 to 2018

WA S5 TIRERTR (32 5) , I 15 e 55 -4 ol bt ey, o V(B Y 70.30% , L O SCRpR 55 (34 iR 55
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Table 5 Ecosystem Services Value of different service functions of Bosten Lake Watershed

BRGNS M EH ESV/10850 1995—2018

5 Tt L o

. 7. A / AR —
Service category 1995 2000 2005 2010 2015 2018 ¥ ¢ %, EACRR/10°7T

Average proportion Amount of change

Ri7es
LVn.HFi%. . 48.24 47.70 47.89 51.96 52.45 53.64 8.07 5.39
Provisioning services
I H&% . 418.22 433.63 425.13 449.29 446.85 456.10 70.30 37.88
Regulating services
i#‘fﬂﬁ% . 103.98 106.42 105.18 110.83 110.78 110.35 17.32 6.37
Supporting services
S 26.09 26.69 26.23 27.76 27.49 27.34 4.31 1.25

Cultural services

422 BRGNS HrEES R
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B OB I ESV IR X VB R ok, i #itit iR AR S R G AL, WHFEIX R ESV IR 45 2
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Fig.3 Spatial distribution of ecosystem service value in Bosten Lake Watershed
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T FR R A5 AN i 3 DX A A R YRS JS X, 2000—2005 AEFR S Z3H 45 A8 A A K, 2005—2010 4E 37
35§ P T L DX o R 14 S 2 R N (AR A DX P R ¥ A DX 48 Ry A B8 2 X A/ MR I A D 9B P R B
DX FIVR ¥4 o1, X 18 R S pl T 195307 10 181 0 T ) 38 b R 572 e 1 088 K BT 38, 58 ESV IR 45 3R Xk /1, 2010—
2018 4F i IR i 5 1l ) 35 KR BOH AR S XA R R s X FE S R E A K AR R AL B I T R R
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Fig.4 The spatial evolution of ecosystem service value in Bosten Lake Watershed
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TR AR SOR B FH I 24 5 DR T 0] 0 1 W A A 25 R B R S I A A B, e 2 ik b AR
P LA v [Tl M A 285 AR e MR 55 (B 25 DR Bt A 25 AR e i 0 - R TR B A T 2 O X — RE R |
PR TP A R A ERR I e HE 1995—2018 BUFIECN A S R GRS I (ELRE stk 1 2R 25 R GUMR 55 fELIN 7]
R 9 bRl B s [R5 v AR s (B0 5 B B i A A R GRS I (AT SR D380 ARG Y &
MO RS B A PR | b R 2R P A 3 2R AR 1AL BORS E

F 6 1995—2018 FIHHTBE IR E S RER S M EBRIEIEH
Table 6 Coefficient of Sensitive in Bosten Lake Watershed from 1995 to 2018

IREEY 4 HUEPETERL(CS) Coefficient of sensitive

Value coefficient 1995 2000 2005 2010 2015 2018
54 Dry land (VC $50%) 0.023 0.023 0.030 0.033 0.019 0.019
JKH Paddy field( VC £50% ) — 4.9x107° 5.0x107° 9.8x107° 9.7x107° 9.5x107°
£ Coniferous forest (VC £50% ) 0.019 0.017 0.017 0.011 0.015 0.014
&M Broadleaf forest (VC £50% ) 0.024 0.022 0.025 0.134 0.011 0.011
#EA Shrubland (V€ £50% ) 0.003 0.011 0.011 0.007 0.007 0.007
R Grassland (VC £50% ) 0.079 0.076 0.076 0.060 0.060 0.059
Hifi] Meadow ( VC £50% ) 0.372 0.372 0.365 0.373 0.376 0.370
B4 Wetland (VC £50% ) 0.139 0.135 0.136 0.145 0.143 0.135
Hil Desert (VC £50% ) 0.045 0.041 0.041 0.049 0.047 0.046
#4th Bare land (V€ £50% ) 0.007 0.007 0.008 0.005 0.005 0.005
K3, Water area( VC £50% ) 0.257 0.276 0.271 0.275 0.277 0.292
VKNS Glacier snow (VC #50%) 0.032 0.020 0.022 0.023 0.022 0.024

3 RSO T AT I T S A 2 AR SR G5 M (L S A S S RO e R B4 RIS SRR SO IR 55 4 1
Kotad, LA AR AR A A R G55 B (E AL A A B S DA 1R300 109137t sl 38 e Ve A M IX A oK TR
fil) RSS2 NSRBI BN A ARA S R G, TR H AU B A B O U B, i T2k S
A A2 0 LUK 1S Rl 50094 YT T 0 o Tt DX S Py | o 458 T AR K, R 9 IX R A 25 AR e i 55 (L
PRIE R 2 BN 5 70 R AR 2R X BN T AR RGN . 53t K28 25 T AR SR B S X SR ) AR A R ST R 55
MAESE R, T UL BIP A+ 2: XA S R G S5 O (LA R 10 J2 232 AR B2, FE L 1T 57 &, ARG sh A2k
USRI A8 A 25 R GUAR 55 O (ELHE R Bt/ .l AT 28 TRt BE Xl XN AR S R G55 (A8 1k
WESEAE AT BT ] Jinsi 2 )R A0 A 25 R GENRAS 0 (B398 30 J5 T A S o

NI Bl X e DX &R A N TAE S RS IR & A T 784k 0T DA Ao A DG 28 1 R A 2
FIPARE LRI LA . (1) TR IX B A BRI S W M s K DS UR A R A A 7 R A R R NRAEAF
Ik . ASBIFTE A AL G sl S T AR 3.61% MR b R K B, 32 538 I AR 28 R GE R 55 (00 A2 Ak, e B K
I 2 ISR E RPN AR B BB 0 (2) ST B SR A S XA A 25 AR G (B ARG, 191 2 2R 480
T o BUR L™ A% i i 47 5 s BE R © A 30, )P i s Se AT SR AL B, (3) TRIX)T %
1 AR A B R G RIRAREP NI T A AN (H AT+ 5 X S e R ) 2 TR A 5 iy B 7™ BERAE: o
UNAHIFSE e B — A AR T I W VR BIE B A AR AR A R G e KIS 2 X O S 2 P At s ik —

BR A B SR &M
52 45

(1) 1357 0 ) Ji Bk 1995—2018 4F 4= 1 A F LA 5y 3, HoyoR Fof) R, P X T AR L 5 30.47%
24.15% ,23.16% ,23 4F-[B) f 152 FH M (%) 28 Ab0 M 88 e A Tt 85 L 23S %) e 48 L S V5 TR L e D R ) o 2, S
HNIX DY 2 (B B ARt A o A O NS ) P i 1 b S R e R A P R R Kk A

(2) 1995—2018 4F (B iE IR ESV Sk b 52 3k s 3K 34 itk ESV 3228 i Fofa) | /K Sl R A
B, 30 Ee iR 37.13% \27.47%F1 13.87% , 19 IR S5 U (6248 fb f fe R, AR AE S R G MR 55 Dhae i o L 3
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Mo, TSI IS ESV AR S ]G0 A 12 A Al v , B i E ™, I — iy {8 2R DX (ST I W) ) 7 AR (L DX 19 A
R

(3) T30 I T80 O ol 1t S T RS A X Y4 ESV A2 Ak Y SR/ VR 1] 77 A 1 AN [ R JBE )2 i, G P K B
FRFA R I ESV AL AR S BE 0] STHR N 5, RS0 R ESV A2 A 32 26 1] SRR 5~ A b R 2 1]
ARAEXT ESV HYRZ MR, Ui -1 A e 58 AN AR 2 1) 5 R ) 25 B AR AR A R SR W T ESV FR 18 i IX
WFFE DX R AN A 25 R G AR (M X)) )™ SRS R ik v s XA v s IX
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