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Abstract; Evaluating the positive and negative values of ecosystem services based on different ecological units is helpful for
understanding the heterogeneity of ecosystem services comprehensively and objectively. In this study, we chose Manas River
Basin, a typical Mountain-Desert-Oasis system (MODS) , as the study area, collected 1990, 1995, 2000, 2005, 2010 and
2015 series of Landsat remote sensing images as data sources, and used the adjusted ecosystem service value coefficient of
ecosystem services to estimate the positive and negative values for different ecological units. Results revealed that: (1)
From 1990 to 2015, the land use/cover of Manas River Basin changed significantly. The cultivated land, water area, and

construction land showed increasing trends, whereas woodland, grassland and unused land showed decreasing trends. The
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cultivated land and unused land changed dramatically. The construction land increased the most while the woodland
decreased the most. (2) During 1990—2015, the positive value of ecosystem services in the study area was much higher
than the negative value, and the net value increased slightly. The positive value showed an increasing trend after the change
of “increase-decrease-decrease-increase-increase” and the characteristic of mountain area>oasis area>desert area. Each
negative value showed the increasing trend in different degrees. Of which greenhouse gases emission, fertilizer loss and water
resource consumption were the most prominent negative values of ecosystem services in the basin. The sum of three negative
values accounted for more than 90% of the total value of different periods. The net value of ecosystem services increased
from 8947.89x10°yuan at the initial stage of the study to 10409.99%10°yuan at the end of the study, with an average annual
increase of 0.65%. (3) The net value of ecosystem services per capita showed a declining trend, indicating more

environmental pressures for the Manas River Basin.

Key Words: Manas River Basin; Mountain-Oasis-Desert System ( MODS) ; land use and cover change; positive and

negative value of ecosystem services
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Fig.1 Location map of the Manas River Basin
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Table 1 Ecosystem service value coefficients per unit area of land use categories in Manas River Basin
F R 2SR Land use type

BRGNS InE b B

Ecosystem services function Cultivated b O TR IR Comstrustion 1] FH b
Wood land Grass land Water area Unused land
land land
e A 2
R . 256.59 1796.26 410.58 0.00 0.00 0.00
Gas regulation
S AT
,q;ﬂ) I . 456.75 1385.68 461.91 236.06 0.00 0.00
Climate regulation
VISP
KR . 307.30 1642.27 410.58 10549.26 0.00 15.37
Water conservation
T b .
j:i%ﬁ/ﬁi 131%33 . 749.30 2001.52 1000.79 5.10 0.00 10.27
Soil formation and protection
AL
Betnit R 841.70 672.34 672.34 9330.23 0.00 5.10
Waste treatment
A = o A L
i*@g&i b . 364.59 1673.07 559.24 1277.91 0.00 174.46
Biodiversity protection
e . 513.24 51.33 153.99 51.33 0.00 5.10
Food production
ﬁﬂ‘ﬂ'ﬁif: 51.33 1334.35 25.64 5.10 0.00 0.00
Raw materials
!l):’;k)'(’ﬂﬁ 5.10 656.91 20.53 2227.32 82.60 5.10
Recreational culture
ait
S 3545.90 11213.73 3715.60 23682.31 82.60 215.40
um
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IR VETYREM (T FH KR B KR A g s
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Ko, VR AR AR SN W o AL R K 2 (m®) s R MARALFE K (%) 5 €, /K IEE K BA (B
1.17 J6/m®) s A\ FE K R E 35% 4
2.4.6 RESMEHEK
0 Vs, I#E IR = SARHERCN A, Vo, R 5 FH MR = S ARHENE, TR = SRR 0l v,k
Vo=V, +V, (7)
(1) B IR = SARHEO T N, 0 F1 CO, 2t 7 R b HEHOR 2= SR F 253, 1 ke N,O B9 IR0 2 1
kg CO, MY 298 £ M5 O A BF9T, B A& B N, O HERCE} 1.955 t hm™a™, CO, HEMC M 0.088 t hm™
a P AR SCR AR IR A S (CWP) A B R E S SAARHER M, Horh CO,HER AR BGE MRS AR T (bR
#E)260.9 Jo/t B R A ST A R = SR HERNE

GWP =y, x 298 (8)
I/p—NZ(J = CL X PC()2 X GWP (9)
VI:—COz =CL x Pcoz (10)
Vi = V,on0 + Voo, (11)

o, GWP il % A RIZEE MRS £ AIN,O BIHEEE, v, AN,O BIHERME , CL AR IR, P,
N ZEMBRIE AR, Vo, JECO, IHERNE
(2) BB R SARHERCT . 2 2 SIS itk 1990—2015 4R At CO, HEREUIR , 48 T ik 2
FOUF R FH i I 2 SARHE RO (A T4 5
D,=a,; Xx(1-L,) xM, (12)
Vs, =D, XY, (13)
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TRPEAE (HERD) OB (B ) Jik 5 Vi, R U IR 3 SRHE R (8 5 Y JA TR B L5 7 KSR CHE
T COLIIMME ., Fhrb BB A7 R AR CO, R 2R KUt HE B 5 28 R I OT I 52 ) HE RO R B 80, 4 S
0.651.,0.543 1 0.404 ; H il R AKX 3% 22%F1 36% -+

x2 BEAHTATRE 1990—2015 £ CO, HEMEE/ x10°t

Table 2 Estimation of CO, emissions in Manas River Basin from 1990 to 2015

Ti H e Rk

Hem Fousil fuels 1990 4 1995 4% 2000 4 2005 4 2010 4 2015 4
FEHE CO, Y TR 0.09 1.14 1.13 1.56 3.83 5.81
The mass of the substance producing CO, i 0.56 0.99 1.36 1.73 1.94 2.20
RKA 0.08* 0.19* 0.67* 9.68 * 24.4* 58.6*
CO, HEAC = TR 0.06 0.78 0.78 1.06 2.61 3.96
€O, Emissions VaRli 0.24 0.42 0.58 0.73 0.82 0.93
PN/ 0.02* 0.05* 0.18* 2.61* 6.57" 15.79"

“ g ”i’%i—\‘ 106 m3

2.5 HUBME

ARWF5E T FHBURBMEFE B0 €S) o ESV XF VC ML Hat A .

(ESV, — ESV,)/ ESV,
CS = !
(ve, -ve,)/ve,

K, CS HAEB RGN H R BN BUSE R 50 A j 73 0 FR W A 28 R G0 R 5 O (B RTAE S 00 (8 R B0 )5
B, #7 CS>1, KB ESV X VO &A1k, e 25 a5 BN [z, 2 CS< 1, WIZRHT ESV X VC St
Z b IR A R A
2.6 ABAEBRGRS M EGE

BN OB SSRGS S M EA HLES A, o7 AT I EDUAT %50 52 W X 38k A 458 16 7 1 o ) 5
v W/

(14)

ESV,
=

(15)

AY =Y, -, (16)
A, v BRI A RS RGE RS EMEE, ESV, 18X i 4FE S RGERSEFMEE, R, f81%H
X i RN BEG AY W ABHES RG RS LR, Y, Y, o AHs R BEN G R B A3 R G R 55
R, # AY > 0, ULWIZHLIX I NI A8 R G0 IR 55 v A S ZE 3G I, BRI 93 IXC 1 R4 1 1 6 32 B sl
IR R G (SR Ty ) 2 Je s 2 W) 2 WAk Tl g

3 ER59M

3.1 MR AR A K B A B AT

1990—2015 4= 4 ] 7 3ok - o A1) FHAG A ( 38 3) Ko -3t oR FH /78 0k ( 1A 2) F2 B BF oS iR BE P, A 0 ) e S
9 X o b AR e K, 40 5 19 = R FH 28 A8 LT R 7 R TR RR Y 46.69% —57.72% 3 Hk Rk b A B it |
39 A7 13.47%—24.19%F1 16.94%—19.22% ; % FIHb A7 Hedse /)N, 29 b7 BT AR 0.44%—1.00% , 7 AR ARk
W AN

s = M R FH /7 AR LA 45 B B 38 S AN [ A AR AR | 32 2 3 I b b | 5 FH it R /K SR Ay 385 R vk
Hi B A FH R A D AT A B PR AR A A M T R B, B M R 1990 4EAY 4.51x10° hm® 340
£ 2015 4% 8.10x10° hm? 4T 3.59%x10° hm? , Hirf1 2010—2015 4EAE AL B, h AR H) 3.71 (&1 3) 5 &
B 25 4E B0 0.19%10° hm? , HAE 2000—2005 AEAF AL FE M, s S Ik 5.42 iX — AR b ) JE IR 2 22
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R U P AN DRI R A N 0 T A b R A T FH b R 5SROI KT B8, A T R A 2 LD/ e 34, AR 01R, AR
AT D 0.13x10° hm?, A 1995—2000 4F-2h 245 B 15— 1.88, 7R3 AR AR fb rh | AR A AN BH (g 5 7K 358 1T FHLAE
WFFE B P 3 sh38 1 0.78 % 10° hm? ,2005—2010 4F /K IR 8h 25 B ik 3] 14.84, 378 i T Hofth 4= s oF A | A8 Ak sk
FE bR, FH AR AT AY 6.43%10° hm? P70 BEAFFEIIR Y 5.68x10° hm? , FERFFE I N, 1990—1995 4F
S RAR, AFIFHHH 1990 4F 19.32x10° hm® /0 % 2015 4EA 15.64x10° hm® , ZE AT AT -+ Hf] FH IS rh A
fit i K, B> 3.68x10° hm? | 3% 2 F T Bl 75 AT 21y 13 4 R R VR R 5 A 2 A5 00l R ) ) b gl R ot I
BPrs, Hm 2w FRE

£ 3 MAHTTRIE 1990—2015 £ Lt F AL/ %
Table 3 Land use change in Manas River Basin from 1990 to 2015

+ b F A Land use type 1990 4E 1995 4E 2000 4 2005 4 2010 4E 2015 4E
Bt Cultivated land 13.47 14.46 16.04 18.43 20.40 24.19
i Wood land 4.89 4.99 4.52 4.76 4.56 4.52
Hilfh Grass land 19.22 16.71 18.16 17.69 18.20 16.94
JKI, Water area 4.32 5.67 4.59 3.99 6.95 6.66
5L Construction land 0.44 0.45 0.52 0.66 0.80 1.00
KA FH Unused land 57.67 57.72 56.17 54.47 49.08 46.69

0 60 km
[

A 2R ARt D bt N ot Ko R AR

2 ENETAT I 1990—2015 £+ ihF /B W
Fig.2 Land use and cover change in Manas River Basin from 1990 to 2015

3.2 EBRGMWS IERMEAE

1990—2015 4F, IR T i dak 111 b X A= 25 R GE IR 55 1E [l (LB K, S IX R =2, S B XA [l (i 85/ (36
4 F4), XA RGMRSS IE MAME SRR I E T I T 2010 4Fik 3w, R FE D 2009—2011
AERIAEARE L T 3T 60 4R Y225 KA, 5 R AT 9 55 A AIC 35 Pk =5 ok ) oKk 5 7 55 1 AL
T, 350 b DX R SR AR o, 1 T R 1L XA S R G IR S5 A T L T

I 25 53 D PR K B X e, 2 S I R 1) R A B 47 b PR BB/ A BB, in 22 A 8 oA 14 7 A e 4
PSR M A KSR B IF B SR X A S RS R S5 1 10 M (B FE 1990—1995 4F B [ $h, 15
1995 4F 2 2015 AR RGEMRSS 1E I AME U SRRFRFEEE NG a3 I 7RI AR I 18 3145 51 19 3807.17x10°7T

Tl XA R G R 55 1E AN AE 1990—2000 4F Hi (] R 2238 i, HLYS iR 4K, IF F 2000 4F 1k 2 W ff,
2000—2015 AEFI-MHEE D . R H T H 20 122 70 A0 FE 1999 4, FhA4 bl s 25 45 35 10, 1999 4E 9
H E 3] i K 2 PR K S ORI E R T A ES AN 809 1 ARGA B Rk TE 2000 4E LU 16
IR T A S B R AT T IX A 2 AR G AR S5 IE ) (At DR e B 2 R R (HEAOR R K AR R R S
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Fig.3 Dynamic degree of land use in Manas River Basin from 1990 to 2015
x4 DBHETRE 1990—2015 ERARESET TESRERS ERBME/*10°70
Table 4 The positive value of ecosystem services of different ecological units in Manas River Basin during 1990—2015
KRBT 1| FH 2
* %E i RIARR 1990 4 1995 4 2000 4 2005 4 2010 4 2015 4¢
Ecological unit Land use type
1) 4l X bz 61.51 75.99 93.90 98.92 103.17 98.04
Mountain area M 1587.78 1848.88 1677.90 1736.33 1688.68 1669.71
b 2042.39 1958.45 1964.22 1928.10 2068.34 1964.84
K3 3075.52 3994.91 2577.77 2514.27 4907.21 4278.20
H I 0.04 0.01 0.04 0.04 0.02 0.14
R FH 93.50 84.18 98.85 100.10 70.89 83.00
NN 6860.75 7962.42 6412.68 6371.75 8838.33 8093.93
SN IX biizi) 1539.15 1641.20 1811.25 2090.14 2316.71 2770.19
Oasis area b, 247.84 27.40 21.78 52.74 25.17 28.26
T 348.27 114.49 291.55 271.46 196.78 135.21
7K IR 352.45 503.01 379.32 312.53 360.68 812.12
AR I 1.17 1.24 1.40 1.80 2.20 2.64
R F 4 124.99 135.01 115.22 98.45 88.04 58.76
/N 2613.87 2422.35 2620.53 2827.12 2989.59 3807.17
T L. T 0.03 0.11 0.20 0.65 3.77 5.16
Desert area b 0.17 — — — — 0.48
T 1.45 6.84 4.98 2.04 1.04 9.07
K3k 0.52 1.37 683.91 338.54 245.95 206.29
I — — — — — —
TR F 4 197.68 197.36 191.26 194.54 195.25 195.17
NaE 199.85 205.68 880.35 535.77 446.01 416.17
23t Total 9674.46 10590.45 9913.55 9740.64 12273.93 12317.27
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Fig.4 Positive value of ecosystem services in Manas River Basin from 1990 to 2015
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Table 5 Negative value of ecosystem services in Manas River Basin from 1990 to 2015

A3 Negative benefit 1990 4E 1995 4E 2000 4 2005 4 2010 4 2015 4
FRAER 2K Fertilizer loss 171.12 187.67 223.42 319.79 431.72 632.09
A 25759 Pesticide pollution 12.94 27.59 45.67 70.26 116.82 186.25
HJET5 2 Mulch pollution 0.56 0.66 0.88 1.18 1.59 2.01
IKGEIRIEAE Water resource consumption 61.45 69.86 82.47 101.38 123.07 222.11
= SARHERL Greenhouse gases emission 480.51 512.37 565.46 652.52 723.26 864.83
&1t Total 726.57 798.15 917.90 1145.14 1396.45 1907.28
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Fig.5 Negative value of ecosystem services in Manas River Basin from 1990 to 2015
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Fig.6 Composite value of ecosystem services in Manas River Basin from 1990 to 2015
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Fig.7 Sensitive cofficients of ecosystem service values of land use types in Manas River Basin from 1990 to 2015
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Fig.8 The value trend chart of ecosystem services in Manas
4 e River Basin from 1990 to 2015
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