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Abstract; Understanding the trade-offs and synergies among various ecosystem services and the differences in their driving
factors, which is the foundation for effective ecosystem management and improved human well-being. Taking the Loess

Plateau in Northern Shaanxi Province as the study area. Firstly, the soil conservation, water production services, grain
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supply and carbon sequestration services were quantitatively assessed in the the study area in 2018. Secondly, based on the
Bayesian network ecosystem service model, key nodes affecting ecosystem services were identified by node importance
analysis. Finally, joint probability distribution, probabilistic reasoning and scenario simulation were used to explore the
synergistic relationship of ecosystem service trade-offs and their driving factors. The results showed that; (1) The spatial
heterogeneity of various ecosystem services was strong in the Loess Plateau of Northern Shaanxi Province. In terms of soil
conservation, water production and carbon sequestration services, the spatial distribution of these three services was
relatively consistent, that was, the high value area was concentrated in the southeast, and the low value area was in the
northwest, showing the distribution characteristics of high in the south and low in the north. But for grain supply, it showed
a distribution pattern of high in the middle and low in the north and south. (2) There was a synergistic relationship among
soil conservation services, water production services and carbon sequestration services. However, soil conservation, water
production and carbon sequestration services had trade-offs with grain supply, respectively. Among them, the synergistic
relationship between water production service and carbon sequestration service, and the trade-off relationship between water
production service and grain supply were relatively strong. (3) Anthropogenic and natural factors such as land use,
precipitation and NPP ( Net primary production) were the main driving factors affecting the trade-offs and synergies of
ecosystem services in the study area. Among them, land use factors mainly affected the synergetic relationship between the
ecosystem services, while precipitation and NPP factors not only affected the synergetic relationship but also restricted the
trade-offs relationship to a certain extent. Further research showed that, land use, precipitation and NPP drivers produced
the same synergy or trade-off in different states. Conversely, the same drivers in different states would lead to differences in
the way of synergy or trade-off. This study had important theoretical and practical value for understanding the complex
relationships among various ecosystem services and their driving factors, and for proposing countermeasures and measures to

improve ecosystem management and human well-being.

Key Words: trade-offs and synergies of ecosystem services; Bayesian belief network; probabilistic inference; driving

factor; the Loess Plateau in northern Shaanxi Province
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6.59% ., FIRLREF ;7K MR S5 FUR & 25 OIS HER BT 50% , 28 B 5% X3 il 4% b A2 #k Ve VD i g 1 38
55 L RMATE K IR S5 KB KRB L5 R 5 BH AN J2 5 1T R IR 55 22.5% ( <50% ) 1) 3t X A FAIR K, HoAE
R ERHIX Y 71.49% , R BHBIFGE IX AR [ B IR 45 7K T4, R B HFA AR (50 T RS IS , DR 98 IX 1K)
R b T REUHE T, 7 B R N B i AT R T R IR 55

BRI IE D) - SR MR 55 R ], 10+ S OR IR S 5 S0 B IR R RS IR 25 56 R I 3R 2, IR Hehs
N 74.4% ; TP —ATH SN FRRA 5970 A SEBRAARRAS P REAS DL IE 6 W00, 25 %1/ 100 /x4 100 MK
ARASFEAPL RS 15 T A B AR S . R B, TR B =K MR 45 AR 3 4 | 13 Bk IR 55 K6 52 40 51 41 70.0% . 75.9%
73.5% ,BBN-ES H 8 SUAKE B2 73.5% , Fe WA A ELAG 08 ARG B B RICR 47, XF L3k 4 F ES 15 £ 32 i
DELAG 55 i T S

F2 TERFRSHNIRE SR

Table 2 Error matrix of soil conservation service prediction

TIMPIRZS Prediction status

Actual status 1% BAK Gl B [ (Ep=yil

Lower Low Middle High Higher Row sum
fi% Lower 5970 100 0 0 0 6070
AKX Low 1653 659 5 0 0 2317
i Middle 218 239 38 0 0 495
45 High 13 33 28 0 0 74
& Higher 0 3 3 0 0 6
%1 5 A1 Column sum 7854 1034 74 0 0 8962
IR 44 B Soil conservation accuracy 74.4%

3.3 ES AU AL OC R A SR B K 4 B
3.3.1  ES AU PMESC R AT

FLT BBN-ES #4706 A ME R 4045 AR O R B0 31 3 OR 45 Pk RS R I R [ ai IR 55 2 4 il
k55 PRI R AH DG OC R (& 5) o # BT 2, 2018 AR5 IX ) 38 O 45r L 77 7K ik 555 [ Al Al 55 1 796 [i) 42 << 17 751
WEF A , B P RIOC AR o 7oKk iR 45 5 [ IR 55 i IR ) DG R itk (r=10.52) o FE HLJR A F5R X [ 1999
AESEIR B () TRRJS , #k1E 2018 A1 FHOAKRE bl 1 AR S 3G, ARG T 12.2% , R b3S 3.5% , MR
IR AT P9 397K 3B s 1 A bR M B R R , A R T 7 K IR 451 5 [RIIRE, 1999—2018 4E B 5% X 4R By 7K 5y
183.2—432.6 mm, Ifij 2018 4ER&/K i H 325.7—475.1 mm, A W] B A3 a3t x4 m H kIR %5, Bl
Pl 5 R BBt 2 R R TR B T, TR 2 0 W KX 3 A0 1R i o - AR R RE Sy, R B R A S
FHEAREE KRGS | AR AR S5 L L MRS A, IR 56 28 5 Fo | 7=k IR 45 5 A B (L4 A U 56 2R de
R (r=-0.62), Z5AE 1 FIE 3 T, 2018 AERFSE X A HUF ISR AR bRt | 550 ok 32 S IR A 1 4
o AR L DX 3, G AR 7 K IR 45 R 1l I 45 AR X A 559 5 T - SRR 7 2 R 55 0 1 i R 55 A v ) PR R
X3, M b 4A e 1149,
3.3.2 KN FXAERRG RS W EE T

SR P S AR RG RS A E BT EE R I 3, KPR 2.3.2 v A SR T e A R
(VR>0.5%) , 2563 3 FIA, H 3 LR RF AR 55 (4 JC AT s A0 F B 3 .+ st F) | 398 mT ol | A RO 42 0ol B /K
NPP, A B2 1 VR B K (7.91%) , 22 B HOG -+ 38 PR 5 1) 28 Ak 52 il fie A, AL DR 2 1 I0F 51X 512 it 2R A 3 Ak
(H0) TREJG , KRBk % A A MR b R B | 4k 7 25 P A4 TH 345 T R B 0 R R RE VD RE O, A R T R AR
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Fig.5 Joint probability distribution map of four ESs in the study area in 2018
* % TR P<0.01 B B EHIKT P(ES, , ES,)) Fmliss 1 MRS 2 KA G R

RO R =K IR S5 B T s AL B K RN (R 1l NPP RIZE R, HL 4 AT 8000 VR (EI7E 2% L 1+, 3
O P K B 5 B I sg i i, X FAR B LA IS5 5, 22232 5] NPP B /K RN R AR 1 55 3 A 7 s
H VR (HY>10% . 5 E RIS BRI D NPP BE7K NDVI MR 1k, Hoif NPP A9 VR {EE K (4.83%) , %=
HF H T 6k AR 55 B S AR Wi B ok B 325 SRR T NPP -5 X dnl i e ol 7 i 8 DA O A ol 7 s 8 1 34 o )
T RS

x3 HMEFPTAMNESRERSTENEZES N
Table 3 Importance analysis of biological environmental factor nodes to ES nodes
ERE i ety 5% R
mportance

1 e g 7.91 F& 7K 14.00  NPP 26.00  NPP 4.83
2 + A 4.48 R R 21t 10.60  FEK 15.40 [k 2.45
3 g AT 3.57 NPP 9.71 [ R 42t 11.00  NDVI 2.14
4 e i = okt 2.02 EHE 231 A 0.19  PFEMIf=IM 1.97
5 F& 7K 1.44 T A 025  HHbAIH 0.11 AR 0.10
6 NPP 0.75 iR 0.09 B 0.03 A 0.08
7 31193 0.11 UNEE:S)S 0.01  ZE#k 0.02 Bk 0.01
8 UNEE:S) S 0.05 NDVI 0 UNEE:S) S 0 UNEE:S) S 0

9 NDVI 0 AT g 0 AT g 0 AT g 0
10 il 0 W 0 NDVI 0 e 0

VR . J7 224508, Variance reduction
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CFONE 435

P, B SRE | R e mT il RN (R ik F3/K \NPP ZEBUR R NDVI O 4 iR 55 19 8 S 51y
SRR ST ES B B IR 5 AR A 3RSl A 1 B E A

333 AT

A 3.3. 1 BB G R A R B 4 BB (e 4) o A DU M-S07 R 24 B9 HE R AR B, 3157 4 Bls R T R2 i
FEB RGNS 8 RN RIS IR IR ME R AR el R A Ak (R 5) , W€ LA /KR NPP S22
ES KU P3[R 56 2 0 2R 1

x4 NERRBERIRERERH

Table 4 Scenario setting and description of trade-off and synergy

S S|
The relationship type

TR AR

Name of the scenario

TR

Description of the scenario

ZNEIESES

Synergies

AR R

Trade—offs

i

s
I

WV

FHELRRE K IR 55 A A IR 55 15 85 = 100%™ il A BBN-ES

LR RE K IR S5 A A IR 55 12 B AR = 100%™ i A BBN-ES
B 7 K IR 55 0 B I 45 B E 5 = 1009% 7 ELRGE 45 Ak = 100%” i A
BBN-ES

FHEORAF 7K MR 55 A ik R 55 T IR = 100% 7 HORR B R4S 8 = 100% " Fi A
BBN-ES

M 5 T 7E D [R]-18 5t 1 RIS 50 I b, AT 7K ONPP 45 3 A5 sl I 8 Al RIE ¥R T
35% ; FERLAG -1 5t T A 5% IV A, 3R /K A NPP 45 5 AR AR Ak e RAE Y KT 35% , i L o8 3
M) £S AU D R B 3K 3 R -, e, bR R 22 A S R G RS BRI G R | 1 B
JKFN NPP £ 5200 B R 5C 28 14 [R] o P ASUAET G ZR A7 — s Ml 294 H

FIF B%K NPP &3¢

R5 AWMEBEIRTREVARSHMEZLER/ %

Table 5 Probability change table of key node status in four scenarios

e B[R-I/ % 1 Synergy-scenario HIF]-1% 3% 11 Synergy-scenario 11

Key nodes A B C D E F A B C D E F
B Slope -23 -87  -0.1 8.3 2.89 6.6 6.1 -32  -7.68 -179
R Land use -10.4 -7.71 -22.5 1.56  3.02 36.05* -12 -0.6 1.9 -02 -0.02  0.08
IR Soil erosion 13.98 -39 3 2.67 -15.6 -0.15 3.3 -0.54 -039 -2.1

R4 TR f2 11t Rainfall erosion -29.51 -2491 13.1 125 289 25.4 2.4 -7.86 -10.27 -9.56

[#7K Precipitation -28.08 -16.95 -16.28 38.2* 23.06 367 =59  -1122 -13.77 -5.71

ZEHL% Evaporation -14.54 -20.66 -9.18 17 27.5 -0.1 1.8 02 -08  -09

NPP -13.65 -26.62 -9.19 44 452" 26.5 3.3 -8.74 -11.49 -9.56

NDVI 14.1 33 =71 -114 1.3 6 -1 -0.1  -02  -4.59

A FUH-17 5% 11 Trade-offs-Scenario 11 PG -1% 5 TV Trade-offs-Scenario IV

Key nodes A B o D E F A B C D E F
B Slope -25  -88  -0.1 8.4 3.01 17.8 38  -10.7  -9.15 -1.79
T A Land use -10 -8.86 -21.9 1.61 336 3575° -12 -l 1.5 -0.15 0.1 0.89
4R il Soil erosion 13.88  -3.9 3 2.66 -15.6 0.04 2.5 -0.48 -0.34 -1.7

K =2l Rainfall erosion -31.55 -24.97 13.1 125 31 34.4 2.3 -11.09 -13.49 -12.07

[%7K Precipitation -28.13 -16.98 -16.56 48.5* 23.16 41.8* -0.6  -15.52 -17.96 -7.74

FKH% Evaporation -9.55 -20.69 -12.19 17.1  25.5 0.2 1.5 -02 -09 -05

NPP -13.93 -37.2 -10.33 13.6  47.98* -123  41° -41 -1515 -92

NDVI 14.2 37 -7  -11.66 0.9 6 -1.2 -0.5 -04  -3.76

o R RHEEE BB E T 35% 5 TECHETY i LA, A HReBH , B ARk, ¢ HiZekiH, D kiR, E ARl s, F A
FEARM e FEf 5, A AR, B AUREARRAS, C AR PR , D ACERERIRES AU RS

(1) FEURG 57 b AN TRI SRSl 5 FE A RRRZS R = A AR R A B 75X, s 5t 1, KB (i NPP i {E
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AT B el 3 Bl ES 5w E] 5 RIS AR 9K S 5 7E A RRAR S0 22 38 b R] D7 QA 28 5 . 8, Bk
TEMRAERAS TR 3 M ES AURAE A (15 1) | MRS A (RS T R B S (EL A

(2) TR 57 rp AN RIS Sl A5 FE AN AR ZS TR 7 A A R AL 7 5 At T, NPP (i K 8 s (L
AT, BT el 3 Fim(E ES(LIEORER KR S5 RIS BRI 55 ) SRR B BE4R AL ; TR AR ] 5K 3l R 578
ANFARZE T IR = A7 s 22 57 . B0, NPP 7ERCR(ERAS T A0 3 PP IRME ES 5 (AR 2 P48 i A iy
(I3 V) R EIRAS T I B 3 Al ES SRER B4 AU C AR

4 He

4.1 BBN-ES 7

ARSI TR ) DU R 4% PR 1T 22 £S AU D[R] B LK 2 PR 2R A000; 25 5%, X TN ZF ES [H] &2 440
R, R MGEA S R GG AR & AR B R S, B A S RS BRI A SRR
BBN-ES #A) SR NG B2l 73.5% ,4 PR R GE MR 55 O B AL 25K B 5 /& (75.9%) | 77 K IR 55 46 BE e (%
(70.0%) , < W] D1 i3 0 28 TEARCADL AL 28 R G0 IR 55 HE 45 i RR A, %k AR 28 R G IR 551 AR 230 3 D0 LA e s 1) T
S B R ELA A AOORG B (EL AT BLE A AR R X T S A A A T e T B R S B e B A
AIARTENEDT I ARSE RIS DX A0 S s 0 A8 i UEAT 404, m b — 4R THSE R (RS 32
4.2 ES BRI &R

ASCHET BBN-ES BERY F FHER G A8 3R 53 A1 FUAHOC R E o ES B AIAUET PR G &R . 2018 4RHF5E XY +
SRAF 7K MR35 5 [k IR 55 Z 18] 5o D R 5C 2R  MR B 45 0 ) 5 RSB OR AR |77 7K ik 55 R0 131 ik ik 55 Ry A A O
R AL EINEAREDY B BTSSR — S, R UL DL 4 O iR AR R R ES VR ZR AR L R
T RA —E S, BB AT HEXIESE X 2018 4R ES ] BYAUE P [F) OC R AT IR0, T A
W SIS [ AR AR X ES 0] G ZR A2, PRI, AR AT B R B U) S AT R RS 5 5 1 B T E) P 47 3 At ES
R EI ] 56 2R IR 25 sh S AR e a3
4.3 ES BUTHRROCE B 3h R

ASCHENE 55T P AR 2 AR A0 %) Bl L, 8 2 52 ) ES AU I ) 5C &R A 3K sl (X, I i — 2D R0 TR
)1 5t T FELBR BN P - A5, BRI Bl PR~ R HAE AN [RPARAS T XA 5 b ) B 5 e, 3 38 3 A 2 B0 - A [m] 3K
SN FAEA RLARZS T 7P A AR ] 0 B a] (SR ) 72 5 AR [R) 3K 3l R 70 A (AR 25 00 25 3 B pp ) ( SAs A ) 7 =X
225,

AR IX [ SR A AR (R ) T ARG, PR i AR A O B2 TR B 55 R, NPP 5 REK AE B o
JEE SRR 6 | WK B R B B 2 B IS A A T NPPEO2 Rt R T ARARIF AT IX AR S R G I R AR A 25
Jof AT R s AR 2R R GRS Z IR BRI OC &R IS A OC 2R . BURFHR T TAE #EAT A DG DR SR T AR, W 8 A5 G T
TR KA NPP S8R Sl DK -, 4R 5012 - bR A8 B9 S5 K4 FA% Jmy , Qi | BRI RE b 1) 25 () 43 A, i 2
VLI, AN [RIIK S P HDE PR R I E , 7] B0 32 B0 30 P OO 9 25 5 AR SO AR AR b B K
{H 5T 35% M BT S e IR SR 7, B — 2 19 B0, Ak Fe it — 20 0ie, IR, i e 18 B TIF5E
DX PR B PR H bR o | 2 I 2 R A XA 0 5 5 e it ) i B R R

5 i

ARSCRABRALE L i SO ST X, R S A L 2018 4R Y 30RO K IR 55 R (45 RITET B IR 55, 4 A 25
F G555 DU 26 45 5 F 78 BBN-ES BORL; 78 ES AU R ¢ 28 515 5o il b PR s 2 50 AR 25
RGNS AT IR DG R A BRI 1, FEEEEIRANT

(1) ZS [R50 AT AR R AR, Bt o e s P i) PR AR 7 MR 55 0 [ e e 55 222 i o B ARG PR 20 A R A 5 AR
B IR B e BRI B A RHAE
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(2) WBUBr b [ 6 R R A, et o D - e DR 7 /KR 55 AT e Jiz 55 =22 180 o0 B I 56 2% iR ik 43 2
W45 e KRGS | AR A A5 AL AR o R RO 55 - T e IR 5 B BIR IR) OGP OK i g5 AR 4R
20 AU S AR ik

(3) MIE ST A AR, L3R /K FI NPP S22 0 ES AU P [R) 5 22 i 32 229K 3l [A -, Ferp L i f)
P FZ M S AR GE MR S5 B IR] DG A=, T RAE/CRT NPP 78 52 W B[] 5C 28 A ] IF X0 AU G R AAT — s ] 29 1
o BFFEAI AR 3K LA [RPIR S 7= A AR ] 14 P ] ( sttt ) O =, 4 TR 3R 30 PR A AN [RDAR A 0] 22
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