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Abstract; Research on the relationship between ecosystem services and human well-being in the context of land use change
is highlighted in social-ecological systems. Anding District is a fragile ecozone with extreme soil and water loss, and an
ecologically poor area in the Loess Hilly region. Increasing human activities have weakened the ecological benefits during
past few decades, thereby hindering the orderly improvement in human well-being. Hence, in this study, based on
correlation and bivariate local spatial autocorrelation methods, the spatial and temporal trade-offs and synergies among land
use intensity, ecosystem services, and human well-being in the Anding District were investigated at the county and township
scales in 1990—2015, to formulate strategies for ecological management and well-being improvement according to local
conditions. The results showed that (1) at the county scale, the trade-offs/synergies between land-use intensity, ecosystem
services, and human well-being were similar. With increased land use intensity, the proportion of provisioning services

continuously increased, proportion of supporting and regulating services decreased as a whole, and many aspects of human
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well-being improved; (2) at the township scale, the decrease in land-use intensity in Bailu and increase in the regulating
service ratio in Gaofeng reflected the differences; (3) the increased land-use intensity enhanced the trade-off relationship
between provisioning and supporting services to a certain extent, and the competition of ecosystem provisioning and
supporting services mainly concentrated in northern and southwestern Anding; (4) the tradeoff degree of ecosystem services
was higher, which is not in favor of the improvement of ecosystem services and human well-being; regional poverty
alleviation should be based on the improvement of human well-being, and a win-win situation and sustainable development
of economic and ecological benefits of the social ecosystem must be attained. Returning farmland to forest, developing
characteristic industries, and exporting labor are the main ways to solve the ecological and economic poverty in the Anding

District.

Key Words: land-use intensity; ecosystem services; human well-being; trade-offs/synergies; Anding District
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LRI I 255G 28, IF B0 M as 18] 22 5, AR i R IR AT T = A 4 2% e RO M 25 [ A A s i 2, DA
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B XA T H A T ER, P AT AL (3591754 —36°02740''N, 104°12'48''—105°01'06"'E ) , F 4% 19 4~
S THFRZ) 3638.7 km® (&1 1), X N B3R R AUAR, 4K R 1667—2568 m, H I AR S HOIP = LA, 4=
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£ RN K BHGR) o AETRA 6.3°C , AFEREKE 2 400 mm, 728 & B A 1500 mm DL T iR () SR HE R Bt
A, BRET, KR KGR Z 2 BRI XA S it Kk R E R A JE A S s 5T X

1 FFREXEER

Fig.1 Location map of the study area
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Table 1 The classification of land-use intensity

A R H A it X} i) 7Kk AF I
Land-use type Construction land  Cultivated land Grassland Forestland Water Unused land
FH Ml 5i B 45 2

4.00 3.00 2.50 2.00 2.00 1.00

Land-use intensity

2.2 ARG M EmhE

ARG RIS R B =S 6] 5 b, LI IR A0S B8 T FikE o K SR AR BE 2 36 AT AR 25 R e iR 55
TR RS SECES RGOS I E A I 2800, L, AS B 7840 408 65 o 1 45127 ol 5 i v
[ A2 R GRS B S 5 N 736 TS S I ST KR R 25 BB T (RS DX AR AR £ BA007 T AR ™ 4 15 4 A TR
U Y HOAE ) AL 2 SRR CRA N 2 S o A3 T 2 S0 MRt DCBAR B 1T R4 RTINS 225 1R A 4%
FEAS RS NPP KPP0 ol op [ AR 25 R GE SR TRV A: S IR 95 (B 2 5 ™ B 1T < H 8 A 25 AR 8 S T A
M HESE" . LL2010—2015 AFAE AR M A 2.31 S0/ kg 1E R BFFE I Ber MR A 272 —
MEB RGBS P RN T AT E RS T 4 2 EPF R E 7 I M ER 177, 858 AR R E
iR T AR 8 T 32 XA 3 R GE IR 55 0 B 24 B I T B 2 PR AN (EL, 4 D AR 2050 0 441.76 T8/ hm? |
453.68 JC/ hm® 890.31 JG/ hm*Hl 1348.98 4/ hm®,
2.3 RPRAE A

ABIFFET 2017 4 6 H AT Sl A PR 151 Gy, X Bl e 5 P00 SCARR B2 2 4 2 2 B R AR
PEATGE AT, WA 2, PAAXTRLL 50 2 LB H g AR A 3, Al ARIE XTI 25 AR AR S R GU AR L A A
T 7K AZ A ) LS

[ A0 55 da P RS R, 35 4 3853 - (DR A X 4 e S e (i A HE S G PR RRAE (4RI SCIR R B K
FEN T EZWARIRAE) ; @ RA NFEA AT AR DL (A 57 A B st A AR BF 2048 ) s ) RO & A 2
il Bt ) L RE (RHK S8 BRI IT A% ) s s RO AR A5 R G IR 55 0 24 A AR BRBE AR AL A

R2 AERKPHERER
Table 2 The background of respondents in Anding

251 Categories 535/ NBL Classification/amount

PE5] Gender BPE/140, /11

AR Age class 18—30/2,31—40/12,41—350/41,51—60/49 , >60/47
ZHERIE Educational level E/23, /0739 W1 /4T b (R ) /34, BRI /8
FRE F L AFYE Main source of household income 548/59, AT /81, Hofth (&% 48R A URSE) /11

FIE NI EL Family size/ ( N/FF ) <3/3,3—4/76,5—6/59,>6/13

FIB I X Fallow area of each household/hm? <0.5/52,0.5—1/64,1—2/26 ,>2/9

2.4 NEAEHEVEAY

BT MA ANZEARALRILA 456 TS AR (BRIIX Ah , 45 2 A B IR 22 5 3800, BT T A = R
ARG, A SRK BRI B | 2 AR R G S BRI 7E 2016 AF T A EEAL; BRE DL T 5 R RSh A 2838
IO ) 25 SRS ) 2 B S o] et AR 58 R FH Ge v HAF 45 T 4R A5 B S b, 1) 28 X IR
RPN TR A R (£ 3)
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Table 3 The indicators system of human well-being in Anding District

HEZ HAr)Z EiL 0

Factor arrangement Target arrangement Indicator arrangement 1990 2000 2010 2015
ff(ﬁmiiiomumpﬁon A ENB LA/ (D) 362.740  714.773  784.816 1019.764
AW TR AETRRHRSLS A AR A R (kg/hm?) 89.180 91.590  179.730 272.300
Basic material needs AN E L/ (3 /hm?) 1.344 0.725 0.957 1.165
44 Safety IR 4 A HE Y (hm?/ ) 0.320 0.302 0.314 0.317
NI E T/ (kg/ N) 344700 326.000  760.000 1219.200
NIBIRER (A7 N) 0.154 0.322 0.408 0.340
AL#E Culture & education B EH R R L R R % 6.066 8.274 12.674 17.289

BORAE T 2252 IXGETTAF 2 5 i1 B2 I B2 ), S A Sl A B3 D 1990 4FA AT ELARY

3 ZBRES

3.1 5 X B R R 5 - 38 R GRS - N Ak A2 4k

AT 25 4k, 25 X - R B8R FEASKTIESE | F 1990 4F /Y 2.361 3 % 2015 4F [ 2.521, HA S RS R S A
ANEARAEAHR AR (3 4)  BAKIE , Bl - o] FH a0 B2 A3, A= 25 R GE R LS5 IS5 LBz i s i, 955
TREMR S L2 A5 080N, SCAR AR 55 LUk 34 s A 2SAmak g b, 5 e ak SR Y R IE e 42 71 . S5 5K, A
ST D3 2k 1 s 0 - b R AR 5500 0 o 32 15 i AR AR T g, TS in - M A AR R R R Y v kG
REJT, 20 2 A B AR Ak A oK

R4 RERIHFABE-ESRERS- ALBUATN

Table 4 The change of land-use intensity, ecosystem services and human well-being in Anding District

BRGNS B LW Ratio of ecosystem service value ANZEAEHE Human well-being

JH Hb 5 3 . iy e a3
ER ]and_u;‘ WL RS/ % VRS % SRS/ % ALIRSS /% A :jr}i; Rl%ZSe  BLEE/ %
Years . . Provisioning ~ Regulating Supporting Cultural e Resources Vocationa

intensity . . A . Income Production . .

services services services services security 1 education
supply

1990 2.361 9.777 52.582 35.442 2.199 362.740 90.524 345.174 6.066
2000 2.449 10.300 52.510 35.368 1.823 714.773 92.315 326.624 8.274
2010 2.491 11.169 52.283 33.738 2.810 784.816 180.687 760.722 12.674
2015 2.521 11.548 51.904 33.455 3.093 1019.764 273.465 1219.857 17.289

A RGNS W LU R 45 JLE A R G55 L s 2L A AR GEAR S5 S M (A 1 73 L

32 REX S BE R T8 - A S R G S5 - AR Ak A

F W] R A AL S AU (TH B A A CSE AR ) (I IR] (TR R S AR SC G 2 ) ISR (G R &)
GEMRIILA | HX SR ST AT A OC R 0 B i) 28 £ AT U A/ Bl ) 56
FRIABR G AR AR O XU ) S ) A DG T s A (R AR AR SRR ) /PR (o e ARG AR 2R ) 14 fi) AR
S A 22 RO MR G A R T s S R R I DY FE S B RILIR] o RIS B 5 1 b 350 R 1 b )
IR 3 AL S AR (RUBE ik 2 (=50 £ ) THXS LA (2 5) , IR AT SPSS il GeoDA X £ FLEATTHY
b A P 5 R - A A R G S5 I (- A SRR AL A T SR Z (8] SRR 04
321 HE XU SRR A 3R T RE - AR S R G S5 - NS AR AL AR AR HE

HIZE 6 AT, 4% £ BUE S R GEIR S5 i E L A3 22 L 2000 AF et ai, NRARAL G A A 1 AR AR
(%% 2 BUCAREHE 28 2000 4FJ5 28 5% , A2 BORMILZE FBT I 22 s L 22 2000 4FJ5 KIERTE) o BARRUL, O fF
Il DX A8 27l J IR L b 3t M) P i R e ey, S BT, R 2 19 A P s8R BE R 2, ELAE D 8l oA BT R R
P S IR . ARG AR, 3 A 2 BB AR 55 L (18 SR #2015 4R KU BRLBESS A 55 LE 9]
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i, ARG, ik S s IR 2 B s 0 S 081 IR S5 L BilAh 3 A S LI IR T RN S Re iR 55 LU 5 22
R ket Mg S SO R SS te il i, HL45 2 SOOI 55 LU A1 28 1990—2000 4F T B 5 3546 KR 46 71, X 1l G2
2000 AT A F 7 b R B 5 IR B MG BB A S T 30 . A SRR v RO AR 7 BERHE
2He 1 WO E KA S AT R SRR TE Ja |, X S B K& (BN 3R 5O DT
XKoo MEAR, FRE S B ZE KR T, 4 2 2010 4R )5 KR E 1k 32.60% , 1132 I BT i3 3 204 fr T
W X 5% & 280 IRk 45 T B9 i S50 g 1R R ST, L RGBSR R U R AT A Y (RS
#6),

x5 RERAHGEARRE
Table 5 The selection criteria of typical township in Anding District
% 4145 Towns 25 6] {3 ‘B 5 ML RIFAE Spatial position and typical features
HuAE ST 45 M5, M FEF-5% K L BT IR LU B, R T 227l R i 5 TR i % IXAT B PoL T e 3, N E SR

e
RA= SETE ), LK AT BT 2000 HERBELIK  BEHUID T 5.97% . 36 HE A b 7.22%
i WL FE B K e Pl % TSR 0 B0, B M A £ 2000 4S8 B
Sk B D T 3.74% WA IR 14.42%
i WAL TR AR Ml S LB BB £ 2000 A3 BE LK IR T 3.35% 4 fl A LT

7.38%

F6 TERAMSHEIMMARE-ETREMS- ALBFUEN

Table 6 The change of land-use intensity, ecosystem services and human well-being in the typical township, Anding District

HAS R GRS L N
" Ratio of ecosystem service value Human well-being
) P MR
L A o , _—— . , LS S, -
- Y lwwe (G WORG/ KRWA TR gl VRS WA/
intensity Provisioning ~ Regulating Supporting Cultural - ({J Resources Vocational
. . . . Income Production . .
services services services services security education
supply

R 1990 2.501 9.845 55.110 32.430 2.615 4438.000 139.528 423.402 5.651
2000 2.611 10.740 53.825 33.540 1.895 842.045 151.562 349.380 8.046

2010 2.642 11.081 53.669 32.194 3.056 932.972 192.939 439.218 9.637

2015 2.782 12.023 53.200 31.570 3.207 1097.128 271.708 729.696 13.608

Hix% 1990 2.251 7.850 53.217 37.703 1.229 310.000 60.768 310.933 5.641
2000 2.344 8.783 52.574 37.761 0.882 640.341 51.392 312.779 7.718

2010 2.331 8.977 52.467 37.374 1.182 742.733 165.030 1146.283 8.854

2015 2.239 9.448 51.522 36.506 2.524 985.811 245.236 1877.323 11.740

mES 1990 2.056 10.561 50.022 35.053 4.364 298.000 79.627 293.105 3.657
2000 2.139 10.162 50.951 35.004 3.882 616.477 74.460 281.563 4.490

2010 2.169 10.492 50.717 34.866 3.926 695.336 164.906 717.771 6.260

2015 2.256 11.576 50.133 33.747 4.545 982.095 257.454 1172.537 7.490

SRR, R4 S A ISR B AR 22 57 (0 2 SR B AYZEZS RGEIR ST L A R AR AL 22 5 A A
SR b 52 X DXIORUBE LA AR — et (E ok 2 P 3t B2 A0 50 R0 g 06 0 1 ot LG AR R AR i S
PRBL T R 22 571k
322 EGEIX G B A UM TR B A A R G 55 - N JERR AL AR SC R 2 A

FET SPSS MBCRGE 45 R R « M T3 B S A2 19 i 55 LU {91 52 I 2 TE AR G (T R IR S <
W ARG I, BLAE 1990—2000 AE$4KALHR; 5 52 8] S” RIP SN ) | 5 301k 55 L ] 52 3 SRH G (ARG
PRG3R )  FH 55 S AR AR B TE AR MR iy, I A B S 55 S AR S, 5 A BURMBE 25 E D S IE AR
5K, HASRE SRR IG A I, 5 58022 4 5L WA IR A N SO 5%, 5 ML 808 22 I st s Jim 722 0 55 1
FAR (R T) o BRI AT, LI S5 LEf- 585y SCReIk 95 LU B 2 00RO , B )58 A OGS oy
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LRI 2000 4E R G E A -0.832, 7] L 1990—2000 4 1] 1 T i Al %l - SEH 15 4 4 R0 A 4 2 e
BISEMRE N 08, T IR 5 L )5 SRR IR 55 LA 67 R OGPk 2 < P A " RS R a5 (R 7) . AEHIAE A E R
], 1990—2010 45 [A] AR A 5 A 77 R 45 52 B 38 IE AR OG , HLAE 2000 48 AH G R, 2010 4R J5 WK A G
WA BRR e A 2 P IR IE AR O K e o i 3 S G (3R 7) o AR S HT 22 I, J RS A KT = b i A1
WA 20855 , 2010 475 R R T 2 04k, (EAT R B Al A 7= BRI S A 38 = e A5 R
2 O IEAR S D% B 55, 2 UL A R K E B RS, S AT AT R EA TR SRS
gl

F7 REXAHBEE-ESRERS- ALBUNEXXER
Table 7 The Correlation between Land-use intensity, ecosystem services and human well-being in Anding District
oS R %
e M AW A AL AL
| G0y o : : . A HHik 2 L HE
. Land-use Ratio of Ratio of Ratio of . .
Projects Years K K L . X Income  Production Resources Vocational
intensity ~provisioning regulating supporting

. . . supply security education
services  services  services
FH bR FE 1990 1
Land-use intensity 2000 1
2010 1
2015 1
BEEEIRSS o5 L 1990 0.185 1
Ratio of provisioning services 2000 0.654** 1
2010 0.700** 1
2015 0.696** 1
P& IS5 LL il 1990 0.648** —0.444 1
Ratio of regulating services 2000 0.731"* -0.229 1
2010 0.467* —0.123 1
2015 0.607 " -0.041 1
RRAR 55 LE A 1990 -0.432  -0.487* -0.435 1
Ratio of supporting services 2000 -0.435  -0.832** -0.378 1
2010 -0.598*" -0.594"* -0.465" 1
2015 -0.588*"  -0.661** -0.501" 1
A Income 1990 0.444 0.265 0.475°  -0.526" 1
2000 0.483*  0.375 0.611** -0.550" 1
2010 0.240 0.135 0.361 -0.595*" 1
2015 -0.177  -0.075 0.071  -0.364 1
e e N 1990 0.409 0.240 0.388  -0.630**  0.627°* 1
Production supply 2000 0.523" 0.588*"  0.489" -0.697""  0.735"" 1
2010 0.367 0.497*  0.003  -0.546*  0.501" 1
2015 0.505*  0.621*  0.089  -0.378  -0.048 1
IR A 1990 0.332 0.042 0.381 -0.367 0.434 0.735** 1
Resources security 2000 0.274 0.268 0.233 -0.295 0.101 0.652"" 1
2010 -0.366  -0.385  -0.055 0397  -0.341 -0.20 1
2015 -0.373  -0.122 -494* 0.509*  -0.487* -0.056 1
P s 1990 0.280 0.068 0.125 0.05 0.451 0.220 0.056 1
Vocational education 2000 0.607**  0.579** 0409  -0.525*  0.228 0.338 0.132 1
2010 0.355 0.346 0.136  -0.327 0.210 0.059  -0.108 1
2015 -0.045  -0.201 0.149 0.103 0.228 0214  -0.110 1

w il A3 HNTE 0.05.,0.01 7K (XU F A 56
BRGNS 5 NSRS 5125 AR 55 E A9 1 16 AR SR % sl sk 55 , 20 48 Sk 1R 5%, 59019 Bl 55
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LU A TEARSC PRI 3l T K, 5 SCRe i 55 LU B SRR S PSRRI . A BORMIL 25 S5 B 085 e 55 L il 14 22
PLIEARSG, H AT RO R S B TS, 2000 4ET, BT 4 5L 9675 IS5 LU B IE ARG, 155308
M55 Lol 22 SR G, {5 2000 4FJ5  MHOGHE R A T 804G (3R 7) , FLR IR A] BRI AR 7= Ty kP B, SR e %%
BT BUSORHAL 25 NP I PR ™ 2205, B A BB 35 14 & e, N 100 SO0 BER 43 T 14 5 1 i
W, WO HE 5 A S R GRS FHABAR LR 958 R BN E 2% (Hl 2000 4F1 5, OV B S 8L iR 55 1L
P2 TEARSE , 5 SR I 55 U 285 RH 5%, X AT BE SR R AR A TS At fin o 1 Bk 45 5 S5 iR 55 [T O AL, {EL
B TR RSO T R 08 Bt 7% ORI 5 107 2015 4R 20 5 (45 M55 Lo ) 2 55 67 A G, 50815 0 S 4R il
%5 SEESIEAR DG, RWIHCH LS S PR TR A DR R a2

323 ZEX S MR SR E - S R SR ST - NI AL 4 s =S AU 5 b ]

BRI b A SR E AR R, EORER T AR BURMb Sy AR T B g S SO AR A 18] B AU, AN
TIZHXAE S RGUR S IR E FE RABHEA S . HECRGE A Befe s A s B - S R GRS - A
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Fig.2 The synergies between land-use intensity, ecosystem services and human well-being
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Fig.3 The trade-offs between land intensity, ecosystem services and human well-being
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