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Abstract: It is of great significance for balancing economic development and environmental protection to study the
characteristics of ecosystem services value (ESV) and the trade-offs and synergies between multiple services. Based on the
revised equivalence factor table, combined with the land use data from remote sensing interpretation in 2000, 2009 and
2018, the ecosystem services trade-offs and synergies model, sensitivity analysis, spatial autocorrelation and comprehensive
index model of land use degree were used to analyze the spatio-temporal evolution characteristics of ESV in Qingyijiang
River Basin and the trade-off relationship among nine kinds of ecological services. As the results showed, firstly, in 2000,
2009 and 2018, the ESV of Qingyijiang River Basin was 28.519 billion yuan, 35.126 billion yuan, and 29.468 billion yuan
respectively, while the total value showed a trend of first increase and then decrease. Among them, the total ESV decreased

by 16.1% from 2009 to 2018, and the ecological services tended to be degraded. Secondly, from 2000 to 2009, the single
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ecosystem service was dominated by synergy, with the synergy rate of 77.8%. There was a trade-off relationship between
food production service and other services in this study. The relationship between ecosystem services in 2009—2018 was
almostly same as that in the previous nine years, but the trade-off between food production service and other services was
increasing. Thirdly, the sensitivity analysis showed that the coefficient of sensitivity index (CS) values of each period were
less than 1, which indicated that the ESV coefficient calculated on the basis of the revised equivalence factor table was
consistent with the actual situation of Qingyijiang River Basin, and the calculation results were reliable. Fourth, there was a
strongly positive spatial autocorrelation of ESV, but the degree of agglomeration had a downward trend. Bivariate spatial
autocorrelation analysis showed that the total service value or individual service value of ecosystem would decrease when the
land use degree increased. The results can provide reference information for the optimization and adjustment of land use

structure and ecological environment protection in the Qingyijiang River Basin.

Key Words: ecosystem services value; trade-off and synergy; special autocorrelation; Qingyijiang River Basin
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TR A  TEDFIE I B PN, 45 2R 28 R G IR S5 22 6] 4776 2 08 (A AF Sk B B3 [R) 800 5 Sannigrahi 551732
PRI AL SRR InVEST R8I K Tl A Zh#L- B R BHRASRIER I 10 B 4 3t ) A8 A %o BN R MR AR
Wit W B S R G R S5 I (L 52 ), (R 22 ORI 75 5K K LR IS B bR i A GE — 1 i b 5
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1.1 R IXHEN

JE PR A VO R IE T AR B KV Rl i e K i — St i R E L
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1 HARREE
Fig.1 Location of the study area

1.2 HdliRi S b e

Ph Landsat 5-TM ( #1165 120—38, 120—39) 2 /B #H (20001010, 20091003 ) 5 1 A~} AH Y Landsat 8-
OLI(20180419) §444 M LRI IR , % ] WGS_1984_UTM_zone_50N 23 [A] AR AR 2 , M 5 [ 52 ( 4= A1) FH AR 4
Z5) (GB/T 21010—2017 ) A 45 G 0F 58 X S 00 e ff 155 B T R VR K 1) FH 2 70 R0 43 Sk gk s b |
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1.3 WRITE
1.3.1 BRGNS METAS

Mg TR A S R G AN A S IR 55 M (B AR H A 7= (ARG B AR B R HIE Hasan 551 g
TSR RIS BRI 24 0 DR T A QR A S A B 4 R A A5 AR G RN S IR 55 Th B A 38 IR 550 1, %5 08
XA 22 0, SR PR TN 2545 22 H2 8 A LA R 3 e (A8 1T sk X ELb 470607, 2018 4R (YT iS5 4
] A Bz T AR = 40 )R 5.98 +/hm il 5.62 t/hm” | #3- BIBF9E X 244 BT 2500 1.064, %A A1
A, AR R G A 2 T (B2 BUA AR B 1 BRI 2B 7 IR 55 22 BRI B 177 X 2 4R
PR E =k 5848 kg/hm® 2018 4F B R EYAIIM A 2.7 J0/ kg, MHZ IR 1 A 25 7250 5
92256 Jo/hm?, Hor K A MR RSB b R bRl | B K SRR M S S A ERAR R K AR R
Tl ARABRG — XN, FE AR E LR B E SR A RS MEREER (R ), EERGERS
IRIERA NN R

ESV = Y A, x VC, (1)

K ESV REAEBSRGERFSME(TT) 34, 05 k Fh MR HZEBIEFL (hm®) 5 VC, W5 b B 4 Hu R 2 A0
MR AES RGE RS MERE(OC hm™a™)

F1 BRIREEXIMESRERSNERB/ Ot hm2a™)

Table 1 Ecosystem services value coefficients of each land use type in the Qingyijiang River Basin

— L TG + 3R ISR Land use types
First category Secondary category B Fhh Bl 15 F Hb Ik, A b
HEL5 IR 55 Y 2400.38 240.04 720.12 24.00 240.04 24.00
Supply services SRR 240.04 6241.00 120.02 0.00 24.00 0.00
PRS- SRR 1200.19 8401.34 1920.31  -5808.93 0.00 0.00
Regulating services ST 2136.34 6481.04 2160.35 0.00 1104.18 0.00
IR 57 1440.23 7681.23 1920.31  -18026.88 48919.83 72.01
JE YAk 3936.63 3144.50 3144.50  —5904.94 43638.98 24.00
YIRS Support services +HOY RS 3504.56 9361.50 4680.75 48.01 24.00 48.01
LY ZREEAR S 1704.27 7825.25 2616.42 816.13 5976.96 816.13
SCAEHR S5 Cultural services IRIR Ak 24.00 3072.49 96.02 24.00 10417.67 24.00
A Total 16586.65  52448.39 17378.78  -28828.61 110345.65 1008.16

1.3.2 AZS RGNS KL 3 7] 2
H R R GUR 55 LA P 1] BE (Ecosystem Services Trade-off Degree, ESTD ) W % 4 1) J 35 4% R 45 [8] 19 ¢

R ARG, B% Gong %P TR I HBllk, (43 ESTD, =ESTD, , IV #f I 55 181 1540
B HAU Ul BEAR TR, 3R A
ESia - ESib
ESCI, = —* "% (2)
ES,

1 (ESCI, ESCI,
ESTD, = ( + ’] (3)

7 2(ESCL  ESCI,

L, ES,, , ES, 35K o 2] (BRZOIRZS) 5 b W20 (BIAGIRES) 27 ¢ M AEZS R GEIR 55 W9ME ; ESCL 2SR @ FhE
BRGNS 1AL FE L ( Ecosystem Services Change Index, ESCI) ;ESTDUﬁ% i, j A S R G R 55 B )
J¥ 4 ESTD,>0( & ESTD,<0) , Wil f 25 FR GE e 55 22 (] A7 7 DI R] O 28 ( AT O 2 ), 28 0 (B R/ R e 1
KA/ B R A 7K
1.3.3 sk

SRS I R B — 2 BASE Y, HL VE MVERPERT T ESV 1R B S 0 SR A2 i 2
M B AE T A AU ME 5 0 ( Coefficient of Sensitivity, CS) , % & {#iif ESV AL ST 2 B SR , B 55
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K 1, W5 i DVEREITIIPN AR ER [ m 2R3 (8] FAH DCTR8R, v AR 28 T ¢ PPN T6 45 [ 1H
5 o 0 B R bR [ RME ST 2,

K F Jaiil a5 [8] H #H 5% ( Local Moran’s ) J1:4% A LISA ( Local Indicators of Spatial Assocation ) £ 5 & #8
ESV 7455 M R M BN &, THRARKDY,

('x[ _xu) Z WL/ x (x/ _xtl)
i=1

I, = (7)

i (x, —x,)*/n
K, LR R B2 [H] B A OGS = 4840, HA 5 (5) % AT,
1.3.5 LR R RS HE 2L
M ) FHRR B 255 48 %0 ( the Comprehensive Index of Land Use Degree, La) , A F]F$8 7~ 1 M) FH A9 2 BE 2
AT KSR A0 A A
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X, La AR LRI PR EE LR AR EGA, 0 | G R IR RS A AR ™ (36 2) 5 €IS @ R R T AR
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Table 2 The classification values of land use degree

Al L S

AR AR R TR 288

M A A AR i Bty S
Forestland, grassland, . Towns, rural residential land,
Land use types Unused land Cultivated land . .
waler area industry and mining, roads
A EL Grading index 1 2 3 4
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2.1 EEBRGRS BMNEZEL

20002009 2018 4E4E 25 RGENR 45 MM E S 5 R 285.19 42.7T . 351.26 {ZICHI 294.68 12.7C , 5 SE1 J5 Uk (1)
Al AR (HASTE A, 2009—2018 4EIEAR T 16.11% , WA A AR T8k, & 28 ESV 2%
N 3 s BB BT, bR ESV B9 BTk 44, HUOR SRR, 2000—2009 4 #F b K AR
HXF ESV B BTRR T R, {E K 35 KM b T ARG in EL T 3 1 A 28 R GE RSG5 I (B AR AR, X ESV I BTk 43 33 4
T 87.95%%1126.98% , 2009—2018 4EBR#FHLAY ESV BT 106.85% 41, HAHI AL T R AR ZS, F B K A
TG Sl 3885 5 25T B b A A P TR B0, (L AR5 FH b R T A ESV TR R

#z3 2000—2018 EERIREZE LT HESREERSNETHL

Table 3 Ecosystem service value changes of each land use type of Qingyijiang River Basin from 2000 to 2018

L 2000 2009 2018 2000—2009 2009—2018 2000—2018
I 2R -
Land use troes ESV/ ESV/ AR/ % ESV/ AR/ % ESV/ AR/ %
e hpe (x10%7T) (x1085C)  Change rate  (x10%C)  Change rate  (x10%C) Change rate
#H Cultivated land 32.43 21.01 43.46 -11.42 -35.21 22.45 106.85 11.03 34.01
i Forestland 223.06 28325 21283 60.19 26.98 -70.42 -24.86 -10.23 -4.59
Wil Grassland 18.33 20.94 18.76 2.61 14.24 -2.18 -10.41 0.43 2.35
5% Construction land -5.40 -4.03 -9.64 1.37 25.37 -5.61 -139.21 -4.24 -78.52
JKI Water area 15.93 29.94 29.19 14.01 87.95 -0.75 -2.51 13.26 83.24
KA Unused land 0.84 0.15 0.08 -0.69 -82.14 -0.07 -46.67 -0.76 -90.48
A1t Total 285.19 35126 294.68 66.07 23.17 -56.58 -16.11 9.49 333

22 HIOUESRGRS Uitk

A HZEERALAY ESV ANE 2 Fir/R ,2000—2018 4F, TTRR Z8 3 K 08 R o855 ik 45 S S RE MR 55, Ferb i s Ml 55 &=
BRI T KIS , S RE IR 55 D RE K IR T 308 iS5 (R 30 S AW Z FEPEOR P, 20 7 SO &5 M (B Y 15.2%,
17.7% M 14.1% . WFFEETBE K IR AL ) 7K 5 00 % B 0% Wy A BB IR 55658k 28 1 T 3 LT o 45 41 /K it
ESV 11 84% ; biith 5 5 MR ALY 4 T ESV 2 e ik i AR (b i 3 AR 5, A4S T ESV sl /b i 5 HL 3 i
TR HH S ESV g AR LA 1 1) 5 67 ) ESV 7E 2018 435 8 T I ABAE 0y | A R b 2 1t
() ESV BMEF HAAEfY, — @ PR E R T ARG s RS R g T B igai:

P A 2 2R G0 M 55 ASUA PO ) B S TR 1 SRR IR 45 A2 28 R B IR 55 AT D ) DG 2 (81 3) iz A A S &
G R4S 1] 5 03 ) 6 2R B8Ry O R 0 R, HLS 3 £ S 7 . 2000—2009 4 2009—2018 4 i~ Bif [] BE 45 A
BRGNS BT B 72 20, Horb 56 411 16 ZL5E , PRI K 77.8% , AUHOC R FLAAE T WA k55
S H AR Z 18], FAUAERE B 35, Horp 2009—2018 4F & 44 7= Uik 5 12 ¥ A LT BE A BUA B (- 13.52) 3¢
2000—2009 4EIF A Bed K T 29 13 £, PRI & |, 2000—2009 4E (6] /K I 55 T RE 5 + 3 i S5 4 37 Th RE Y
PR B e (1.29) ,2009—2018 4F [ 5L B AE 7™ Dy RE 5 2 9 b 2 ) RE B I7) B A 55 (5.99) , A S R G55 Z ]
P4 L 56 2R Bt ) ) A8 Ak & A T AR
2.3 RSB

HURMEFE B (CS) ITEZE RN 4 R, MERE(VC) I (£50%) &, 20 CS EX/NTF 1, #F5Ent
BEON R B S50 R P 15 B i, HEYE L R 0.7223—0.8064, B4 VC B 10% I, & ESV 8411 7.223%—
8.064% ; A F M SRR 8 H5 AR, JLAE R 0, AR A H MBI VC 35 10% ), & ESV e KGN T 0.03% , % 3)
BN, P ARG E 6 Y i R AT S T M (A R BGER LB 5 A7 & 1 VLIl SEPR1s O .
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2 2000—2018 EFCTIHB L MESESFETRS M ETK

Fig.2 Changes of individual service value of land ecosystem in Qingyijiang River Basin from 2000 to 2018
2.4 == AR
241 2fREsE A AR
AT A PR ESV % BT X I3 S 00 A SR RS K ESV BRI T 454 X0 L Ay WA, LU B S
AR RS LR 23 S A RRAEBEA TP ST . U AR I RUBE D R4 G 9 XA | AT AL OCR S 9 ik, Bie 4 LA
1 kmx 1 km K& 1R ZEA ST B0, 3L 8876 MK, D WO A% BRI A= 285 % e I 55 40 (L A0 B A2 [ 20 A A
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B3 BESRERSWEHRXR

Fig.3 trade-off and synergies between ecosystem services

) GeoDa 1.14 B4 -G #1725 Ml AMEIITE, S5R TR (£ S) S PTAS R GRS {H Moran's 11
KFEHML T P<0.001 {85 Z7KPAL 5, 28 B0 H A B — @ AR RARE , B B A B0 ) IEAH G, 45 H
AR RGE MRS M EAEAE =S S (SR E S IR KEREMISL

R4 PENMERMEZESESERSNENTA KRR (20002018 4F)

Table 4 The total ecosystem services value and the sensitivity coefficient after adjusting value coefficients (2000—2018)

HB RGN EREL ESV/( x 10877:) LR PERE

A Ecosystem service Coefficient of sensitivity
Land use types y ..

value coefficients 2000 4% 2009 4F- 2018 4F 2000 4F- 2009 4F- 2018 4%
Hhit VCx(1+50% ) 301.41 361.76 316.40 0.1137 0.0598 0.1475
Cultivated land VCx(1-50%) 268.98 340.75 272.94
Mt VCX(1+50% ) 396.73 492.88 401.09 0.7822 0.8064 0.7223
Forestland VCx(1-50% ) 173.66 209.63 188.26
=] VCx(1+50% ) 294.36 361.73 304.05 0.0643 0.0596 0.0637
Grassland VCx(1-50%) 276.03 340.79 285.29
A b VCX(1+50% ) 282.49 349.24 289.85 0.0189 0.0115 0.0327
Construction land VCx(1-50% ) 287.89 353.27 299.49
7KK VCx(1+50% ) 293.16 366.22 309.27 0.0558 0.0852 0.0991
Water area VCx(1-50%) 277.23 336.29 280.08
AR VCx(1+50%) 285.61 351.33 294.71 0.0030 0.0004 0.0003
Unused land VCx(1-50% ) 284.77 351.18 294.63

£S5 2000—2018 FECIRIFESREREMELBBBEXSH

Table 5 Global autocorrelation analysis of ecosystem services value in the Qingyijiang River Basin from 2000 to 2018

ok 2000 4 2009 4 2018 4F

Index Moran's [ A P Moran's [ A P Moran's [ A P
ML RS Supply services 0.7934 244.3833 <0.001 0.8522 263.6955 <0.001 0.7969 238.8507 <0.001
P R% Regulating services 0.7944 244.3809 <0.001 0.2304 70.8231 <0.001 0.8010 239.8404 <0.001
SCFEMRSS Support services 0.7951 244.6539 <0.001 0.8567 264.8836 <0.001 0.8159 243.5102 <0.001
SRR Cultural services 0.7998 245.2738 <0.001 0.8532 263.9570 <0.001 0.8022 240.2166 <0.001

2.4.2  JaEkas [a] H AR
FH 23 [R] JCHE Y JR B 45 bR LISA & (&l 4) %0 ,2000—2018 4F % 7 0 0F AH JC B4 (i m RAE IR R 48 ) #%
AR ERERER FREABE, B X (RIRRESUR R R E) BT, B/, [ —4 4 5 1)
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B4 BIAESRSERSMER LISA B3EE (20002018 4F)
Fig.4 The LISA cluster graph of individual ecosystem services value from 2000 to 2018
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XFEE £ MR 55 (B) A 235 ) S5t b 2 S A5/ (EUR TRV AR 9N 1) 43 B & B0, B SCAR IR 55 T B A1, IRl — R 55 T BE i SR 46
(R RAESUIINR ) B W R FEAR, HE25 IR 555 SRR S5 ,2000—2018 4 /5 SR AR X i/ 1 43511 15 34.4%
M 32.3% ARAR R A X BRI A B, 352 DO MR A A 25 R GE IR 45 (B 2R B v, i s 4 i DX A e i L
R B b TR 0, 5708 T A s AT IR S5 2Rk 5 iR W 2R IR 55 1 AR AL LA — s AR AL | 25 A
B IR 55 T BE B - 3 A FHERCIR , 7T i 8 180 1 ) 4L A A R EG oo AR AR B8 i 5 1 3 SCAb IR 55 32 AL 3R 10 AR
SCAE, e R AR XU TR 33.0% , IRAIR SRR X 8k B FH T 12.4% , % D RE 32 2 i Mt Sk Sk 44E | 4T
G A 8 P K S TR AR o (R DX 5 R (DX SR AR T R 000 T 5z ke 92 I 38K 38 3 3 PR AR AT
2.4.3 WAREL AR ZS (A [ AH G

3R as 8] ARG BT B a2 (1) AT, AR S R G R S5 2 TR | B B U sk AL i U 5 A S R
GE IR 55U 2R B0 O A 25 AR G T AU 6, T 45 b 2 1w AR e 5 A ZRTE s s WA ) DL b ) PR 4
BB (La) T REAE S —7E i ESV /R RS AR 2 IR i 2 0] { A SCHR S P Z e &, sk
6 iR, £ 2 Moran's I ¥ T HiE L T P<0.01 9 B3R PR 5, RIAES KRG RS M HS R R E Z
AR W R U DEE 2R R R AR BE RS, B S RS M E SR A S R GRS I EHY 2
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Table 6 Results of bivariate spatial correlation analysis between land use degree and ecosystem service
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1R The comprehensive index of land use degree
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Moran’s | Z P
ARG ME 2000 4F -0.4731 -113.3491 <0.001
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Fig.5 The spatial autocorrelation between land use degree and ecosystem services value from 2000 to 2018
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