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Abstract: The complex topography makes the small watershed have many ecosystem services, such as production, water
supply and regulation, and significantly regional differences. However, the balance of ecosystem service and the integration
measurement of external driving mechanism in the small watershed, which have always been a difficult problem in the
research of geography, ecology and economics. This paper takes Qihe River Basin in the south of Taihang Mountain as the

research object, using CASA and InVEST models estimate carbon sequestration, soil conservation and water resources
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supply services respectively, based on the multi-source data such as meteorological data, land use/cover data, Normalized
Difference Vegetative Index( NDVI). The spatial overlay analysis method and correlation analysis are used to measure the
ecosystem services trade-off relationship, and the spatial impacts of natural environment and human activities on the
ecosystem service trade-off relationship are further analyzed by factor detection and interaction detection in the geographical
detector. The results indicate that D from 2000 to 2015, the average annual carbon sequestration is 375.55 gC m~ a”™', and
the annual deceleration rate is 18.20 gC m™ a™' in the Qi River Basin; the annual average soil conservation is 396.72 t hm™

-1
a

and the annual decline rate is 1.2 t hm ™ a”™'

’

; the average annual water resources supply is 67.26 mm/a with decreasing
rate of 0.16 mm/a. @ The ecosystem service relationship is dominated by strong balance and low coordination. There are
significant spatial differentiation characteristics during the research period, low coordination distribution area reduced
16.21% and strong balance increased 11.85% , indicating the ecosystem service capacity of the river basin is increasing;In
the pairwise relationship of ecosystem services, carbon sequestration and water resources supply, water resources supply and
soil conservation show a trade-off relationship, while carbon sequestration and soil conservation show a synergistic trend.®
Geodetector result show that NDVI (0.306) >temperature ( 0.241) >land use degree (0.002) in terms of the carbon
sequestration and soil conservation; for carbon sequestration and water supply, vegetation NDVI has the strongest
explanatory power (0.381); for water resources supply and soil conservation, the explanatory power of precipitation,
temperature and elevation factors are higher than 0.5; the explanatory power of each influencing factor is obviously enhanced

after interactive detection.

Key Words; CASA model; InVEST model; ecosystem service ; Geodetector model ; Qihe River Basin
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Table 1 Ecosystem service trade-off/synergism criteria
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Fig.2 Spatial distribution and change rate of ecosystem services
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Fig.3 Ecosystem services trade-offs/synergies from 2000 to 2015 in the Qi River Basin
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Table 3 The number and proportion of pixels (% ) in ecosystem services trade-off relationship of Qihe River Basin

. SEARA AU i IR (923G
AR Strong trade-off Weak trade-off High synergies Low synergies
Years — . e — e
BoCHcE Le il % BocHE il % ok Hetsil % ok il %

2000 14070 40.63 451 1.30 2573 7.43 17537 50.64
2005 18464 53.29 1519 4.38 3682 10.63 10980 31.69
2010 18322 52.88 592 1.71 2844 8.21 12887 37.20
2015 18181 52.48 813 2.35 3720 10.74 11929 34.43
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Fig.4 Trade-off relationship and significance analysis of ecosystem services
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KR EREH T AFEYE NDVI K IRBELS 5 3 AR R IR S5 AR IR sh AL 2 B, R K i R 1 B 1 i o 0,594,
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Table 4 Detection results of ecosystem service trade-off factors in Qi River Basin

TR AR

45 K5 il KK &t =14 e HBE NDVI
. . . L . Degree of Influences of
Service relationship Temperature Precipitation Elevation Slope . NDVI
land use Human Activities
i VS. T3 {R
ik VS LR 0.247 0.214 0.235 0.084 0.002 0.018 0.306
CVS. S
JKIEHEZS
Ak VS kIR PR 0.007 0.030 0.023 0.042 0.004 0.011 0.381
CVS. W
PEALLS VS, 13 R
3;{}351 Sn VS LI 0.574 0.594 0.561 0.075 0.004 0.032 0.031

C: Carbon sequestration; W Water resources supply;S: Soil conservation

3.3.2 s HEMZE R
H 25 R GRS AU Y 52 e i RE 22 B AN IR R 2 50 | 2550 W R R I AP e A B R . S BRI 25
(F5)ATLAFE W DR 28 A8 L3RI Jim %of 45 A2 25 R G IR 45 AU 56 2 TR 7 R 7t 25 48 K, OS] 52 2 ok
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B, T ERIUA XU -1 5m AN L R4 5 AP SR e [ 5k 5 + SeORH7 55 b, AEL B NDVI 5 0l R K g
PG5 TR 50 iR 5 0.4 LLE AB NDVIL SR | RN e R AH B A R X AR 25 R G R 55 6 2% ik R
PEEEHGSR RN A S RGUMRTS KR Z BN Z AL R, iR o — i B YA AR PR AL S, 5 R
Rk g v, AR PR R LB PRI TR RS L g e W e o, S =l | P /K R e R K DR 45 R 55
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Table 5 Interaction detection of various influencing factors of ecosystem service trade-off in Qihe River Basin

R HHH [ VS. £ [ VS.7k K VS.+ ZEH A [# vS.+ & VS.K K VS.+
Interaction types CVS. S CVS. W W VS. S Interaction types CVS. S CVS. S W VS. S
X, NX, 0.271" 0.051** 0.645" X;NX, 0.292°* 0.109* 0.568 *
X, NX; 0.282* 0.054 ** 0.633* X3MNXs 0.240 " 0.03** 0.565
X, NX, 0.305 0.077 ** 0.584" X;NX 0.251* 0.046 " 0.580
X; NX; 0.255** 0.019** 0.579* X;NX; 0.489* 0.424** 0.569 *
X, NXg 0.264 0.026 ** 0.590* X, NX; 0.087 ** 0.049 ** 0.084 **
X, NX, 0.505 0.410" 0.596 " X, NX 0.097 * 0.052* 0.103 *
X, NX, 0.256" 0.054 0.635" X, NX 0.359" 0.398 " 0.114**
X, NX, 0.278** 0.109* 0.608 * X5 NX6 0.027 ** 0.024** 0.048**
X, NX; 0.222 0.040 ** 0.601 ** X5 NX, 0.315** 0.390 ** 0.052**
X, N X 0.237** 0.052** 0.619** XgNX; 0.323* 0.389" 0.091 **
X, NX; 0.493 * 0.426 0.606 **

X1 i Temperature; X2 [#7K Precipitation; X3 i #2 Elevation; X4 3% ¥ Gradient; X5 + HiF| FHFEJ¥ Degree of land use; X6 A 23 3 5 i
Impact of human activities ; X7 f#% NDVI Vegetation Normalized Difference Vegetation Index; * {XF XA FHIGH | * + FR AL M55

4 Z5iie

41 ifig
4.1.1 AB RGNS U S P

HHT, BRGNS AU 58 25 h AR R G NRSS W PR 22 8] AH G 58 1 B 28 A 43 B B 25 TB) 236 1
il = % A2 2 R G S5 B ARRA AL IR AT . AR SCE S VPAL 1 V07T 3t 13 e | b J8 LR 45 K R HE 25 Al 55
B RGN S5 BRI R DURA A Ao 325 A IR R] 2 42 28 R GE IR 55 5C R AL T AARK Ptk
BRGNS I A FAL RS  B VI EEBUR AT T 2 A SCEUR HEATIR 45 |, A (eI P ] DX Sml a2 et 0 22 v P I
1z 17 (8] & B T8 R T AR 2R R G0 R 55 B AR AU OC 2 A B 3 S BAD R i — AP R A S R G ik
%5 KR AL A IR, A OCPESS SRR | AR 5 KRS K IRAESS 5 R DA 5 Bk S
TR RIC R i E, B g s A 22 5, ORI M AR X AE S R GRS KR A —ENE
M 00 A e ) DX SR A S AT A T SRR A X B B RS AR IR S S R G &R T
Y 7 P g 1 DX sl R K i e ol 7l - AR Dl R B IR, RS R R R S R B S R Y L
Hh AR RGNS AU OC R AAAE R AR W 58 18 LR B & AR AR R G55 I A G 2 T X R
B LR R 5K IR KA e AT O R T ARl B iR b 2 B G IR A5 AU 56 2R R R AR 5 X 35
255 BB A A - £ 4 BB 2 GOT 0 BT, I A5 RUEE A S R S5 e ) SR & . AWFSR
AR TP [ A | 1S3 DR AR K IR B 25 A58 7 ik 95 AU 5 DR R DG 2R | 5 3 0 O e e R R AR 28 R G IR 55 i Al
TP HAR T OC R |, TR ST Ak 28 FR G0 Mk 55 7 - 20 1) 45 A 55 AUAET 5 2, Ay U 8 ] 8 TR R S A Ak 4
(i =
4.1.2 BRGNS ISR

AR FHIE IR GIS FIHbEEHRM 852 AR, RGBT ] 38 A 2 2R G R 55 AU G 2R S 23 () 49 5 A BIK
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S, BRI 25 AT B 48 7R ST 38R 2 2R G0 IR 55 A it 25 (] 4 S 11 2 B2 AR K Bl PR - B HL AR LA
LB DA G207 A T RES 2 Sl 25 PRBE AR 1 0] A5 28 R G0 IR 55 UM 56 R 119 28 [B) s ), % A0 5%
RGNS R IR SIHLHZ — B 25 00 223, WA 25 R G0 MR 5545 il B A 2548 4t Jay 1) el S B A
Wi, LA RE, ARIEE R R X AR RG RS KR as 5 03w T ARG Sl gk NDVILL R B K
T PR R MRV A 7S R GRS AU O R B T K7, B HAE G PR i o B S 4 Ok, S I s A
BRGNS KR 2R 2R HZ L FZm, mdE e —F R R e tEEA . 78 CASA FI InVEST #5840 A it
PR B A E AR NDVI B AR ER — @R B3N T AR E R AL, A, AR e s
RGN 55 L2558 BE I IE MU A8 R G MR 55 B 5 W ) G 3R | X o ] RE AT BIF ST 285 SR 77 2k — e e, A IFoE R
A, i ) L 7 A R i A 25 2R 0 IR 55 U 5 D0 IR0 56 28 10 2 3 L% AR S st 115 A i R SR
FNKTG S A PSR , 25 50 s P X A 25 R e IR 45 0 22 R MR R B e (0GB 2 A 25 R R 3t
BRGNS A0 AR ISR BE S RS2 55, FLUR B8 3 PR B At AT BB 5 i s BRI 45 SR Y R R 2
— I, AR BT B E SN . (1) B A /B o K DEM B 5940 B VR P4l S R B A S R
G55 RE DT ; (2) R A SR IR -4 S AT - AN RIE S 2R R 2R I W A B R G R 5 8 R 2L
B (3) BT R/ AR A 1 — 20 I AR S R G IR S AN 5 PR R) 6 R A AR AR AL 5 (4) D& M o A A8
FXT A28 R G MR 55 B AU G 3R s ) sy i S 5 A S R G M5 I A5 I L G R R 23R 5t
HEB RGNS KR BAEIE , KIS I R A AN I A G R S LR I
42 45ig

(1)2000—2015 4F , ] 37 3ok 22 45 - 24 [ Be o0 375.55 gC m™” a™', PG AUE AR m IR0 A a3, Z24F 3 ik
RN 18.20 gC m™> a™' ; ZAE VI IR 8 1 396.72 t hm? a™' , ZAEMIBHF N 1.2 thm 2 a2 [H] EHA
i ZAEF K IRAL A R 67.26 mm/a, = {H X 32 B0 A5 T 4k U 2 K AR R i X AR X 4 A )iz, LA
0.16 mm/a A% R )il

(2) TELE B R GRS AU SR 56 2 b, DL SR AU AN B 6] 56 22 o 3=, Hevh sl A A 32 3500 A T sk b R
Ui A PRI S A RIS X U B 3 A S B AT IR ] A P TR RR D T 16.21% , SR ASUAR | e PR ) A
SSRGS BN T 11.85% 3.31% 1 1.05% . A8 RGNS I Z 18] 56 R R, Bk 57K IEAELS KIEALSS 5
ORI 55 AR OG220 3 K IR S 5+ HE0RF5 IR 55 LA BIMRI OC R0 32, 28 [ RRAIE B b 2 P /K- R 3k 5+
Iy

(3) HbERPRI 225 TR0 . RS IO RE T, B8 NDVI B2 5% (0.306) SRR Z (0.241) |+ HuF)
FHAREE £¢55 (0.002) 5 5k -5 /K JEAELE 5 T, FEgk NDVI T B h B2 T HE &K, o 0.381; Kt 5
SRR I K R AR D TR T 0.5 A AR IS 45 S DR TR AE ) WL I R
PR S A L G o P A2
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