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Abstract: The fragile ecological environment and intense human activities in the karst peak clusters in southwest China
have led to rocky desertification and degradation of ecological functions, which has restricted the improvement of the
regional ecological-wellbeing coupling benefits. From the perspective of numerical variation and spatial variability, this
paper proposed the spatial trade-offs indicators based on the root mean square deviation method and geographic detector.
Then we concentrated on the relationships between water conservation-soil erosion and net primary production ( NPP) -soil
erosion. In the different environmental factor gradients and geomorphological types, the spatial trade-off of ecosystem
services and its differentiation characteristics were studied. The gradient analysis of the environmental factors shows that the
spatial trade-off between water conservation and soil erosion decreases with the increase of vegetation coverage while the

spatial trade-off between NPP and soil erosion increases with elevation and slope. The spatial trade-off in the middle
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elevation areas above 1000 meters and steep slope areas is 4—=6 times higher than that in low elevation and gentle slope
areas. The statistical results of the morphological geomorphology types area show that the geomorphological characteristics
have macro-control effects on the spatial trade-off relationship between ecosystem services, and the spatial trade-off between
NPP and soil erosion increases with the increase of topographic relief. Their ranking are as follows; the middle elevation
plain < middle elevation terrace < middle elevation hill < small relief mountain < middle relief mountain, while the trend
between water conservation and soil erosion is opposite. Therefore, in the karst rocky desertification control work aiming at
the coordinated improvement of ecosystem services, the spatial difference of environmental factors and the macro-control role

of geomorphological characteristics should be emphasized.

Key Words: ecosystem services trade-offs; spatial differentiation; karst peak-cluster depression; geographic detector; the

root mean square deviation
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Fig.2 Spatial pattern of morphological geomorphology types(a) and NDVI(b) in Sancha River Basin
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Table 1  Correctional factor of rocky desertification in different degrees
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Rocky desertification None Potential Light Moderate High Severe
LM S 5% /0

AR/ % <20 20—30 31—50 51—70 71—90 >90
Bedrock bareness rate

a 10 25 40 60 80 95

2.2.2 InVEST {7
InVEST #EESH () Water Yield LR G % FEHEFE XYl P | DR BE AN + Mo R R TSR N 3R 26T

http ; //www.ecologica.cn



214 FITL A5 WSRO M A 2 R G IR 55 s (e AU B2 e ey SR AR 5 5

IR P17 5 L A BT I R K R 25 S PR AR IBUR i K TR K PR R Y AR .
AET (%)
o) P (2)
o, Y () FRBIEGE X ARS8 & B9 AF 7 3 (mm) | AET () S22 B HHE B0 o I94F SEPR 2R U it
(mm) , P(x) s8I BRIT « BOAFREK A,
TEK 5P AZ (2) A Budyko B K &P ZE BG4 AET (%) /P(x)

Y(x)=(1-

AET(x) _ PET(x) PET(x))“ 1"
P(x) T b {”( P(x) ] } (3)
s, AIE(T())  Budyko THEHEEC, B3 SUMISEAERL PET (x) 5K P(x) BILL; PET(x) 27585 % 3

JC x AR IEAEZE B0 (mm) |, HFRHE Penman-Monteith (P-M) P ARCRTE ;0 WY K B S5 REK &1 HE,
BRI AR S R SEL
2.2.3 CASA i
CASA AL HRTHEFT NPP RIS i A R0 77 vk 2 — 3 FH T X8 NPP 9 1153 1 4 R RUEE i 20
FIRFFE >, NDVI B S CASA BRI Z2 AR 1380 (0 SR B | JERIECHE (0RS B B SR A% B T 1 T Sk
X NPP (T R T2 PR AR SO 1ms B[R] 43 B 230 R 28 (1) 43 B 3 1) 488 JER 2 A5 S 8 1) v A B NDIVT 4K
kit NP, AR .
NPP, = APAR, X ¢, (4)
A, NPP, APAR, 1 & 43137~ A 63 ¢ BIAER R4 77 J1 (gC - m™ + month™ ) B W 15 A A7 R0 5
(gC - m~> - month™") MISEFRIGREF] FH K ( gC/MJ) .,
L R VAT 140 56 A 255058 45 A B B S AR ) B R 8, T A 2R (5) 5
APAR, = SOL, x FPAR, x 0.5 (5)
K, SOL, #7R ¢ H K P S HE 5T 5 (M) m ™ month™") ; FPAR, Fe R AEH R A SOG4 A8 RO ST Wi 431 5 %%
0.5 SRR FH 18 2K FE A 3550 S o A LA e ) B
Potter % PN SZFRYERE I FH 2R 32 A2 305 BE FK 43 A5 0, 24 T R K 433k 21 B A A% (sl A bl EL A B
KICREFI = AL N
g, =T 0, X T, xW Xe (6)
K, e, TR LR ABER R (gC/M)) 5 T, AT o3 3R o AR 1 38 22500 W, R /K oy i R 7
& JEHAE S N M KO CRER R (gC/M)) , ANFIMI BT &, MR, A0S 2 SR AR b v ] i
RN o, BOREADLGE SR | [A) I 45 A 2 PR AISE () Xof 7 g ol XA 2 Y e, I RCOE , B GE T = 28 Tl W el 4%
PSR &, M,
2.2.4 75 [AIAUAE
AR SCNEE AR AL 5 25 A1 AR LR A 0 B R A T Rl 12 D M Al 25 1k 15 BRI 25 1) A 285 R G IR 55 25 1R) AL
M EEFR bR , MG G838 S AU 5 2R I I Rl 6 1 AU 7 1) BO(E S AL RN 258 ] 43 S M R 359 A s 2 1%
SE LRI AR S R GRS RS S P RS R G MRS pre AL B (] i 22 5 il e — X RS &R
GERRSS AL AR S E 1.1 LI BRI AE S R GRS Z R BAFTEAU C R b B PRI 25 2 D Fn ) 22 3R
1425 (6] 3 22 5 B PR 4B s AT IR SR s A Ged 24 TR s BRI 2R A Ry A SR A 1 728 e A R AR i
FERLIR R4 [ 7 B R RS B A 2 A1 40 A0 B % 5 A AL T 3R TR AR % B R g (L
AR B RS B 25 () o0 S B AR B L LR M | AR S ) MRl 2 0 W /K D T 7 — - AR ok ol s T e — -
B AR P 2 [A) 2 5 A LA DG 2R, 2 T 0 310 A K 05 T 7 e A 1 oA 1 A e (X)), MR b it Sy PR AR
(Y), LA IR G5 v A A0 24 (] A% 53 0 i A8 ) DR 7 3R AE g TR A 285 R G R 5525 (R AU

http ; //www.ecologica.cn



6 S % 39 &

3 ZBREHS

3.1 WEHRRAEAS R GRS ARG IE B 2 (B RRAE

FOMA K FNT K ATHY 2011—2015 4FE7K PR 1 2015 4F 248 W5 Hn R X - R IS8R 279.47t
km™ a™",2009 45 5 25 58 Tt 5 S LU DX SP Rk  4.72 tkm P a7 AR SCHBIE A9 RUSLE #578
BN = 25 Tl R AR EON 3,19t hm ™ a7' |, 5 IR ZE FEILAHIT . AR KR - HE 4R 1k 43 28 5 b
HEDY R AEYUE TR R (K 3a) . i35 =2 WL R R A LAY EL, EDIE T Feng 261 $EH1 Y
S S A 2 X TE 4 W] R T RE S T ECA TR HLIX Y H R b L TR EA X 3T 2015 4R
S A AR BERE, AR SCR H Nash-Sutcliffe 0% NES Ffi & P R 5 RPRIGUE InVEST BB A AR/ i 1)
AIEEME, S5IRFH | InVEST AR 7K U5 o 75 f 15 S I 2 (8] ELAT AR 5 1 AH G4 B NSE = 0.802, R* = 0.
938, B IR R AT, 25 R4 M rIf5 . B 3b IR = & sk AR Y K IR IR s () e A 25 S I i, SR B
P It ] T 3 W 336 ik P o A LA, K TR IR R B R A 118.77—1230.14mm , YME 4 917.58mm ., 5K B PH 25 00 7
PEILPU S R M X 55 F CASA BERUBEIAY NPP 4558 422.73¢C/m” ; E vk e 50N B is SR 5
I FH AR G35 BT 3A5 H A m BrR L X NPP (B R 407 ¢C/m’, R SCHS H I = 25 I s 4E NPP BB
TEF R 0—1035.68 ¢C/m* , F-HME Ny 459.13gC/m* %65 _FiRWEHTREMLIX. NPP (HF 58 25 S0 — 2, IE I AR
S CASA B AY NPP (HAC A A5, =2 ik NPP /g 2 AR L3P b i AR B IR ARAE (1 3e) , X —
SIARFRIE S5 X AR 2R R 0 AH G o ARG XA G b b DX A A R AR A L, A 2 T AR B b X A
T KRB R =, AR T RE R FH 9 K 43 25 PR30t

AR s

=B = pEE = R
=RBE o BE = R

T KRR/ mm
o 1230.14
118.767

NPP/(gC/m?)
[ ] 1035.68
0

3 =E&ARETIEEMIERE (a) JKIEEIFE(b) A1 NPP =B 5 % (c)

Fig.3 Spatial distributions of soil erosion degree (a), water conservation(b), and NPP(c) in Sancha River Basin
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Fig.4 Spatial trade—off between water conservation and soil erosion under the gradient of environmental factors
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Fig.5 Spatial trade—off between NPP and soil erosion under the gradient of environmental factors
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Table 2 Spatial trade-offs of ecosystem services in different morphological types of geomorphology
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