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Abstract: Regional ecological benefits can be maximized by the optimization of land use structure. In this study, the unit
area equivalent factor method was used to estimate the values of ecosystem services and their changes, which were based on
Landsat remote sensing image data for the Manas River Basin from 1990 to 2015. The grey structure planning model, which
optimizes the land structure, was used to discuss comparisons and changes in the ecological service value (ESV) of the
study area before and after optimization for maximizing ecological benefits. The results show that; (1) The grassland and
unused land are the main types of land use, accounting for 70% in the basin; the area of the constructed and cultivated land
is gradually increasing, whereas that of the others is slowly decreasing. (2) ESV of the river basin, decreased by 14.97%
when 1990 and 2015 values were compared, showed a downward trend during the study period. The size of each individual
ESV was as follows: hydrological regulation > climate regulation > soil conservation > biodiversity > gas regulation >
purification environment > aesthetic landscape > food production > material production > maintaining nutrient cycle > water

supply. From the perspective of spatial distribution, the value of watershed ecological services is distributed in a patch, and
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the division of ESV is obvious. The low mountain area has the highest ESV of about 35.84% , and climate and hydrological
regulation are the main ecological service functions because the grass area is large. (3) After optimizing the configuration,
the unused land area was found to be significantly reduced, whereas the other types were increased; the total ESV increased
by 5.29%, and the individual values had also increased, especially hydrological and climate regulation. This study can

provide a theoretical basis and practical reference for regional land-use planning and ecological civilization construction.
Key Words: ecological service value; land use; structural optimization; grey linear programmin
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Table 1 Ecosystem service value per unit area for different land use types in Manas River Basin

—ggom IO iy KB o TR R
First class types lass types Glacier Grassland Wetland Woodland Jand Cropland land
HEes RS Tear 0.00 7.49 14.02 10.81 0.00 23.65 0.11
Provision services JE AR 7 0.00 11.02 7.81 24.82 0.00 5.24 0.32
TR PG 23.11 6.10 116.42 12.84 0.00 -27.93 0.21
V5 i 55 AT 1.93 38.73 28.57 81.64 0.00 19.05 1.39
Regulation services ST 5.78 102.40 63.02 244.28 0.00 9.95 1.07
EIEIN 1.71 33.81 97.91 71.58 0.00 2.89 4.39
IR SCIH S 76.29 75.01 1353.23 159.86 0.00 31.99 2.57
X FE RS IO 0.00 47.19 34.67 99.40 0.00 11.13 1.61
Support service EIRS T AR 0.00 3.64 2.68 7.60 0.00 3.32 0.11
LRy EZacs 0.11 42.91 111.49 90.52 0.00 3.64 1.50
AR SS Cultural service  FE2F 5 0.96 18.94 70.83 39.70 8.84 1.61 0.64
J3t Total 109.89 387.23 1900.64 843.05 8.84 84.53 13.91
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Fig.3 Changes in the total value of ecosystem in the Manas River Basin from 1990 to 2015
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A7 HERESR R AFOK GRS
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Table 2 Manas River Basin 1990—2015 Ecosystem Services Value Table

e TR AEH
First class types Second 1990 2000 2005 2010 2015 Annual
class types average
BEZA IR 55 Provision services Ty 20.85 24.27 25.75 26.43 27.17 24.89
JEoRH L 21.3 20.51 20.02 19.79 19.6 20.25
KGR 8.67 2.41 -1.34 -3.58 -5.57 0.12
PR 55 Regulation services AR 75.24 72.58 70.92 70.14 69.48 71.67
AT 184.13 169.20 161.15 157.38 153.9 165.15
EEERTS 67.72 62.91 59.76 57.97 56.39 60.95
IR SCIE T 200.41 199.01 187.95 177.54 170.47 187.07
FHEIR S5 Support service I 87.2 81.66 78.52 77.04 75.69 80.02
R I G IR 7.52 7.57 7.55 7.55 7.55 7.55
2R 80.07 74.13 70.22 68.06 66.19 71.73
AR SS Cultural service E=Soe 36.47 34.14 32.32 31.24 30.47 32.93
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oSSR R M, A A 25 IR 55 DI RE M (BRI 5 125 LU X RN ZR N X 1Y ESV AH2E AR, mitli X ESV i S 4t
B 27.73% , £ IX ESV (5 SVMELRY 25.02% , /& LU XA T 380 B B (3R 2000m LA L), iz i G+
FIRRE SR AR P b, B AR N ZIS9E Zhxe 68 R R 85 e /0N, (R HE X3 4 b 28 R R ) T ESV A 41K SR U X AL
Tt b R 32 A M 2R R R B B b PR T R R K BRI K S IRAE S A ), T L ESV I DU X
B A A ST REAE S AR T RUK G P ESV 5 BME 50% Zi AT 6T X NS IX K SC
R g, WA LL DX L DX LA R S 3 BVAORT, B g T it A A R 55 (2 R o A ESV G
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3.3 b miE SRS M EAR L

T A5 8 A AR S AR I D G A% 25 R SR AL AR S RS A 45 5. & 3
FIE 6 Al 1, T A EEH AL HF9E X 5 ESV 1 671.34x10° 53 i 3] 706.83x 1070, 3 h1 T 5.29% ; H 4
A= 25 MR 55 D e X B8 0, R R K SCIR Ay . 256 - HUR S5 04 28 A 43 B, AT 20 oK R P e i AR B
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Fig.4 Spatial differentiation of the ESV in the Manas River Basin
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WS B Tk 4 M R A= 25 R NGS5 A0 T 52 X, Mt | o bt % K 3 v AR A 348 in G 8 R KR i 1 AR S IR S (i,
WG T Y M SR /N 5 T b SR A A A R X R B 1 & SR RN R A TR KT g 1 5 AR TR AR
b R R TR AR A A AR TR A T 2 ) AR AR BN T B T AR A ) R PR
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Table 3 Land Use and Ecological Value Changes in Manas River Valley Before and After Optimization

S PR IR AT BORA: AN E MALA SN
At AR A L . - .
. Current area/ Optimized area/ Current ecological Optimize ecological
Variable Land use type P 42 6 — 6—
10"hm 10*hm value/10°JC value/10° 70
X, sl 12.14 12.14 13.35 13.35
X, b 122.37 123.5 473.88 478.23
X3 IR I8 2.36 3.37 44.79 64.05
Xy M, 7.41 8.86 62.44 74.7
Xs T H 7.62 8.75 0.67 0.77
X6 boimii) 70.84 71.1 59.88 60.1
X7 AR i 117.35 112.38 16.32 15.63
3t Total 340.1 340.1 671.34 706.83

ARSCRL S A A58 g e KA R i S BERY | DAAR 25 I 55 (D BE Al 33 45 2 A st i) A0 AT AR, LA 4k
A 2R R A 25 e 55 A (B AT JR AT O, ol 288 b st R P 7 A ) A 253 28 D 3t A R 2R 4%
Tis R A T —E R B RO BE R I e S B T LAk B b . AT 584 ) T BRAaE 3 4 i i
A 2 2 BT IR E K I A R B B R AL

4 itig

ZIRCA TEE S R GRS MERFTE SR B 0H5E X ARSI RE M (S LA TR LY, 45 2R s - e 4k
S RGNS B B2 B J 2R 5 I 55 A T AR S IR 45 O 4548 F2 0K 3 20 AFR VAL T 5 XAt 3
(S & RN RSN SN 5 3 Tl YN~ i/ U= B2 PN (P& o AT ARSI R g R I 2R N
G A 2SR SS IR , R e 1R S K TR 3R D R 5 T AT 30 4554 VG g e X127 R A v D g D)
A A A5 R 55 (L HEAR 1 B T 8, s PAY AR b A 7K Sl BR324 o, AR 37 -5 1y Ak B2 R AA (L L A
BT, LR AR GRBEE W) S5 A S O TR R B 1 — AR B TR BRSNS X 1 AR
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Fig.6 Before and after the optimization of ecosystem services
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