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Abstract; The upper reaches of the Yangtze River is an important ecological security barrier and water conservation area of
the Yangtze River basin, bearing the major national strategies such as Development of the West Regions and development of
the Yangtze River Economic Belt. It is important to understand the status of ecological environment and ecosystem services
in the upper reaches of the Yangtze River in the past 20 years. Based on ground and remote sensing data, combined with
GIS analysis and the model simulation, we calculated the spatio-temporal changes of ecosystem macro-structure, ecosystem
quality and ecosystem services in the upper reaches of the Yangtze River from 2000 to 2019, and quantitatively evaluated
the trade-offs and synergies of ecosystem services by using correlation analysis, then discussed the impact of ecosystem
change on ecosystem services. The results showed that; (1) from 2000 to 2015, the area of settlement ecosystem in the
upper reaches of the Yangize River increased significantly, with an increased of 239.39%. The area of farmland and desert
ecosystem decreased significantly, decreased by 5.27% and 21.09% , respectively. The ecosystem was mainly conversion

between grassland, forest and farmland. (2) From 2000 to 2019, the ecosystem quality and ecosystem services in the upper
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reaches of the Yangtze River improved steadily, but deteriorated in some regions. The areas with average FVC greater than
60% accounted for 82.19% in the upper Reaches of the Yangtze River, and FVC showed an increasing trend. The carbon
sequestration of vegetation increased as a whole, but decreased locally, with an annual increase rate of 1.65 Tg/a. The soil

1 .
. The water conservation

conservation showed a trend of fluctuating upward, with an annual increasing rate of 2.20 t hm™ a”
showed a trend of slight downward, and some of them varied greatly from year to year. (3)In the upper reaches of the
Yangtze River, there were synergistic relationships between carbon sequestration and soil conservation, water conservation
and soil conservation. The synergistic relationships between carbon sequestration and soil conservation were mainly
distributed in the western of Qinling Mountains, Sichuan Basin and the eastern of Yunnan-Guizhou Plateau. The synergistic
relationships between water conservation and soil conservation were mainly located in the eastern of the Qinghai-Tibet
Plateau, the western of the Qinling Mountains and the southern of the Daba Mountain. The trade-off and synergistic
relationships between carbon sequestration and water conservation were similar, and the trade-off of ecosystem services were
mainly located in the Hengduan Mountains and part of Yunnan-Guizhou Plateau.(4) Climate was the dominant factor in
changes of ecosystem services, while human activities ( ecological projects or urban expansion) affected increases or

decreases functions of ecosystem services, and ultimately changed the trade-off and synergy among ecosystem services.

Key Words: upper reaches of the Yangtze River; ecosystem services; trade-off and synergy; spatio-temporal change
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Fig.1 Ecosystem structure of the upper Reaches of Yangtze River in 2015
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T 49.18% 25.04% ; T /KR 51 S MH AR RS FEE DR R T 85 D ZRAR AT S i |
Hop#E R IE A 0.69x10* km” | & & R FRHE A T 2OR TR, Ry m AR B n =20k A4 M AR
FIELHD 4391 556 A TH AR Y 78.41% 10.23%F1 9.09%

F1 KT ERE 2000—2015 £ ZFEAESREERLGE I/ (x10* km?)
Table 1 Area statistics of terrestrial ecosystems in the upper Reaches of the Yangtze River from 2000 to 2015

2000 2 2015 ZEAL IR
2000 4F 2005 4F 2010 4F 2015 4F Change area from
2000 to 2015

Rl AR S R G

Terrestrial ecosystem types

A

change rate/%

A AEZZR B Cropland ecosystem 22.40 20.83 22.14 21.22 -1.18 -5.27
PRI A A RS Forest ecosystem 33.84 34.98 33.97 34.33 0.49 1.45
B A A RS Grassland ecosystem 34.90 35.56 34.86 35.10 0.20 0.57
H5BMAS RS
@/(:izﬁ%ian iigysmm 1.59 1.41 1.62 2.06 0.47 29.56
RIELEB RS Settlement ecosystem 0.33 0.31 0.47 1.12 0.79 239.39
TS RSE Desert ecosystem 2.56 2.59 2.56 2.02 -0.54 -21.09
HE SRS Other ecosystem 2.28 2.22 2.28 2.05 -0.23 -10.09

£2 KT B 2000—2015 EREM AR RS R MEH TR EIIERE/ (x10* km?)

Table 2 Transformation matrix of terrestrial ecosystem structure change in the upper reaches of the Yangtze River from 2000 to 2015

2015
fii i A% R G2 T . IR 5 o -
TR ‘ A TRk 2 kS B FE He
Terrestrial ecosystem types Water and
Cropland Forest Grassland Settlement Desert Other
wetland
2000 gk 16.49 3.30 1.68 0.22 0.69 0 0.01
R 2.95 27.34 3.30 0.10 0.09 0 0.06
b 1.63 3.57 28.39 0.47 0.08 0.24 0.52
pI NSRS 0.09 0.03 0.22 1.15 0.02 0.07 0.01
Rk 0.06 0.01 0.01 0.01 0.23 0 0
bkl 0 0 0.55 0.08 0 1.70 0.23
HE 0 0.07 0.95 0.02 0 0.01 1.23

22 HEBRGFEAEL

2019 4EKVT. R 55 5 77.90% ,2000—2019 4E[1SFH4{E A 76.68% , 2000—2019 4, K 7T FiiFF
P07 25 BE KT 60% (L IX 5K VT b i T AR Y 82.19% , A0k 78 26 FE A e s K VL VE X Y T I e $ul R 2 4 R o]
TSR B 55 AN IR 10% , b XA T35 9805 ., 2 4F P SURAE 0C LT, BEACKR & MR RG0SR R/
TR PITIA 2000—2019 AFAE B T B AR AR BRI (R =0.55,P<0.01) , R EBREAR , #B44E bR 2 1]
AR A ; FE A7 5 BN b X 2B T 2R 0 PG L M | 2= 5 v DR D)1 b R VT i X, ek il X 32
AN U ) 1] A 320 25 %) B ol R R D T B (1B 2)
2.3 EBRGMS s

KB/ N T T 2000—2019 AT AR 9 W Ak | 3 AR K R 77 = 1 AR TR AR

2019 4RI WA A IR S Al 235.07 Tg(1 Tg = 10 g) ,2000—2019 4FH-F- 24 [ Bk S 5y 218.22 T,
L [ i e o L DX LA T A VDV LRI T A 2 B v Db DX e U DXy 757 7 o S ) B VLR b X, A
[l it S e g IS N (R® = 0.76,P<0.01) , Z 4334 M A 1.65 Tg/a, Y I K b X 3 BEAE 79 1] 2 1
(E3),

2019 4FK VT b i AR 4 R 100.69 t/hm?,2000—2019 4F 1T 3+ 1545 5y 74.08 t/hm®, 145 {%
B B K EE (R =0.75,P<0.01) , Z4FEBIEHE R A 2.20 t hm™ a™' |, W AE 28 R 50 R FE IR 55 ThBEFa
il 25 () b A R AR 1A It X 32 B, TG v S R 2 06 G S X, S/ ol hy i 20 A IR — 38 VT 37 3R
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Fig.2 Distribution of annual mean and change rate of FVC in the upper Reaches of theYangtze River from 2000 to 2019
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Fig.3 Distribution of annual mean and change rate of carbon sequestration in the upper reaches of the Yangtze River from 2000 to 2019
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Fig.4 Distribution of annual mean and change rate of soil conservation in the upper reaches of the Yangtze River from 2000 to 2019
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Fig.5 Distribution of annual mean and change rate of water conservation in the upper reaches of the Yangtze River from 2000 to 2019
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TN 30.12x10% km? , (i FIT I3 3 i X TR AR Y 32.33% ; T30 AU ¢ R AY T ARl 11.42%x10* km? , H2 3
LD R SC R TR 0.58%10" km® X 7 0.85% , T 7 = S (1 Y8 T8 T S0 8 WA I8 1o AL 28 0 W 0 L el 0 2
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Fig.6 Spatial distribution of trade-off synergies between carbon
sequestration and soil conservation in the upper Reaches of the

Yangtze River
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Fig.7 Spatial distribution of trade-off synergies between carbon
sequestration and water conservation in the upper Reaches of the

Yangtze River
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Fig.8 Spatial distribution of trade-off synergies between water
conservation and soil conservation in the upper Reaches of the

Yangtze River

Fz3 2000—2019 FHRBESERENESRERSTHEER

Table 3 Change rates of ecosystem services in typical ecosystems from 2000 to 2019

KRHEEERS BMAE RS RAEBRE
He 5 R GRS AR Ak i % Cropland ecosystem Forest ecosystem Grassland ecosystem
Change rates of ecosystem services AL, 54k, FAs4k, 54k, FAsk 54k,
Unchange Change Unchange Change Unchange Change
TR Y

s . P 3.44 2.63 1.46 1.95 0.91 1.51
Change rates of carbon sequestration/(g m™ a™')
AR R

RRSREAER Y 1.55 2.45 2.84 2.77 2.03 2.50
Change rates of soil conservation/(t hm™ a™")
TR R A 77 B 7 A R
KRR B AL -0.02 -0.03 -0.07 -0.03 -0.02 -0.02

Change rates of water conservation/(m> hm™2 a™')
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FRURAEAH XA L, BRAC T AR S R GEAD | AR RE Ml A= 285 2R G0 009722 1 Ml DX AR ] Btk 5 1 e PR PR ] 5
Hr B A KT T A G 2 B T R B R AS AN £ 3 SIS MR A 25 AR A b Ml DX AR [ k5 K T 5 I
IR FR B TR LA T EIN , TiT AR A 25 28 e 72 A i DA 5 2% TR L9800 5 B e 2R 25 R GE ok A T AR MK
ARG XK PRI IR 5 S OR 5 R 5 2R A T RR LU 132 B i, SR A 35 R G R AR E S R GE IR 55
ZIHIRU R RN

F4 BAERRGHARESREERSZAVESHEXRNER %

Table 4 Area of trade-off and synergy of different ecosystem services in typical ecosystems

KAEERS BMAETRE B R RS

B ARG RS AU 5 1R Cropland ecosystem Forest ecosystem Grassland ecosystem
Trade-offs synergies of ecosystem services KA 24k, A2k 4k A Ak

Unchange Change Unchange Change Unchange Change
BRI 555 1 S HIaTE TR 2l 60.94 44.90 19.44 30.27 14.25 24.74
Carbon sequestration and A AU 0.30 0.75 0.88 1.04 0.46 0.65
soil conservation UNTE FZWNIiPS 38.76 54.35 79.68 68.69 85.29 74.61
B I 4555 K DA 7 W 2 0 ) 7.61 9.23 1.98 3.81 8.61 10.34
Carbon sequestration and A A 1.46 3.06 5.99 4.26 4.05 4.54
waler conservation YNTE L ZNPS 90.93 87.71 92.03 91.93 87.34 85.12
KIS 5 IR B 2 IR 19.43 34.09 28.31 32.90 46.49 39.79
Water conservation and eI 0.48 1.36 1.69 0.80 0.36 0.48
soil conservation UNTE YN iPS 80.09 64.55 70.00 66.30 53.15 59.73

3 g
2000—2015 4F KT ekl A 28 RGE VAR L BRARFR AR R G 0 £, S AL B AR 90%

DAL, RVE S RGN  RIT R A S R GRS [ SRR E AR IR MRER T I BS
PR R (A T S ) SRS TR BB BFSERIT 7 2000—2015 AEHIIR], 2 51 LA K
AR B S bk R B2 2000 4R AR IB A AR (B ) TR AR S0 2 4K VT A 4 i A
B e o5 P 9 E BN, RIS A S R GT M BURSE N5 VT i A A T 2 Bl U (o e, EEERBUN DU
AT ANER PO D R A 2 T A R, Lo TR A T R AR b K ALY

XL B S RGRSS AR HERF e 25 SRR W A VL R AE o [ e 5 SO | I ARHE 5 /K R e 55 LA
I 5 28 0 3, AR T B 5 K R0 5 22 [ A AL AT B[] 56 28 LU AR, ELAsS (A% sy AP 225 . A TS
it A AT e A R4 7 i R AR T R T e 5 AL A i ) 1 AR bl AR P M LB
BRI 2 5 e SR AR DX, b SR R BN AR T B 5 L e OR AR S PRI S AR . AL AROBE o RE A Y 3
DX — e R A T, 07 TR i % R T L X5 Ml 4 A 1 Sy oS o X, DR o K 0 5 38 e el ),
SEPRIF I/, KIS IR o B ARG, ML T 0 5 SRR A R 0 B85 /I IR 7R S AU DG A% (HUK IR I 15
TRAFEIZ B X S PRI O 2R o KRR 77 0 1 S ORS00 43 3 X LA 5 280 3, 78 LI S5 b IX LA B3 [5G 28
o X T RIS R RIRIRTILX 2 5 B B X, A2 S R GUAR 55 A A [RIRERE A 55, e 2K i X
AR B | DR ORISR IR AOARAE 0 . BFFE R, AR 25 28 G0 IR 55 AL R ] 06 R A7 A8 RUBERPAE ™, R
K IV s At SR A 25 2R G e 55 KA AR ) 5% 28 RUBE Rl A5 DX 22 e i

RS R GRS AR SRR R AT 3 (R BN A TR R A B R ARl A 7= 5 ) SRR
SR PSRN AR Bk il 107 TR N0 3 5 SR VT 100 - 3 ORI 5525 Ah 1 BTk %, 4% ) RUSLE Jy # o
USSR CIRBEFIRE K ) AL, S Ak S L2005 R s AU T 09 LSk i, Hovb, LS AUMs T i &85
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2 S R RN 28005 sh B L [ 10 8 22 A A28 SR AN 32 ARG SRR, A5 AR B I Ui
2000—2019 4% O FEIR 55 AL I DIRkR N 77.29% , N3G sl xt 3 ORF5E IR 55 A8 AL IR Tk %Rk 22.71% , K,
R F I E D RGNS AR EZR M E R A SR T A S RGN A, R BUE S RS R
SAME ) R RS R T A S R GRS Z R ARG S5 E R D6 &, KIT R R B R 428k
i IXAE 3 AR RGNMRSS O B U [R) R B 347 8 AR AR A b X e T AR 25 R 490 70 A b DX A AT B T o 5 1 R 1
FEDh R | A S R G X A K TR 5 5 IO R D R B K T 45 A R AR (b X, TR B, A8 A
VPR T 3 PSS RGEMSS AR R L LIRS RGNS Wt AR B R Rt — 2% &
HoA ARG5S ARG DL, TARA T2 AR R G MR S5 A6 28 0] L AU S5 P R G R 256 )R iy 25 ]
S A FEAE I AR AR EOR

4 #ig

ARSCHRGE T 2000—2019 VT A A AR BUARIE e A2 25 R G 55 (AU S5 P R ML, e TAES R
GeARALT A 2 R GRS S AR B R RE IR A5 DU 4538

(1)2000—2015 4, K VT FIFRE LB RGRAIMN T 0.79%x10% km® 34 T 239.39% ; FRbk KK 5 1R H
ARG HIE T 0.49%10* km? Fl 0.47x10* km?, 4% FH A4 25 2 45 M 540 28 R 58 T AL 20 1
1.18x10* km® 1 0.54 x10* km’ ; i b A= 25 RGE LA R M FRAAIA F 22 [l o

(2)2000—2019 4, KT R G0 MR 55 SR RG R a4, 34 X8 2, VT b Ui e ol 7 25
RIS R AR R G R IR S B S, R RE R S5 2 i g b TR B oK R R IR 55
BT R (RS AR BRI AR TR K

(3) KA1 Ui 1) [ e I 555 -3 e =2 0] LA DR R DG 3R 2 32, B I) b X 32 2 3 A1 T 28 08 VG 35, DU 1| 7 4th
5 PO AR IX 5 IR 455 7K VA 5 22 ) A AU AT BB ) 56 28 4 FE BIARIE | BRI IX 32 32404 25 04 P 3K
A Hb DX 5 B3 A AR T LU DX 5 /K R0 35 5 PR [ AR R] G 2R 0 32, D ) Ml DX 3 A7 1 95 7 s JR AR
Bt v JL 2RI VS AN R B L

(4) SRR ERRGEM S AN R FHE , NG AES RGEMRS 2, HMAS R AL X 1)
AR GNRSS UM RIRR KT AR AR Al DX, 4 T AR 25 2R 40 728 Ak b, DX A g 1 e 55 3 R R B [R) R 8 b A
ARG XA KR R 5 R IR A P R R BE AR T 45 A AR fE X,
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