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Fig. 1 Location of the research area and research transect
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Tab. 1 Impact of ecological governance on the human-land system and farmers' livelihoods in the Shiyang River Basin

N R G AR AR AEZARIET  ARAAEIY  AEAIRRE RPVETHRI RPIRE S (%)
IEYNERVPN 191.10 191.83 182.78 LB 185 63.36
Akt 558 ke (I N) 79.32 85.28 83.96 WAl & J 160 54.80
GDP ({ZJ0) 64.28 228.77 488.26 FRE R R Ik 124 42.47
NE I NG 1884 3972 11518 A4 TSN 99 33.90
HrbE A (7 hm?) 25.97 25.24 25.34 Z TR 99 33.90
ARGEBIA (J7 hm?) 19.65 18.37 18.83 b4 77 26.37
NDVI 0.36 0.37 0.41 TR 25 58 19.86
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BARCEL98.98% (K1), [H20194EFH12020 4F A7 9] ekt 2 25 & AR T . [7)
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Tab. 2 Farmers' livelihood types and classification standards in the Shiyang River Basin

B (%) RPN
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A A A A 0 (%)

gl 35/ 70~100 0~70 0~50 0~20  ARZAEYIFIHL 25 6.14
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Tab. 3 Social-ecological effect evaluation framework of farmers' livelihood transformation
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Tab. 4 Impact factors of farmers' livelihood transformation
Ei3iy SR T PR 7R L AT FIE bR
NG G788 FIEPAT 55 801 7 St 3.03 1.07
FINNZHE R KIEF B2 HE R (4F) 9.23 3.21
KEEAFR L Teo5 871 LA 5 G KL B 0.35 0.22
FAIPLE FBE A S IR F AU AL 0.54 1.02
HARBEA Bt PABAFHE A (hm) 0.75 0.64
Hbth o7 i Brb e . R2E=1; B2E=2; —fk=3; Bf=4; RIF=5 1.64 2.40
FRE R LAY A REME R . AR WA =1; Bb=2; —=3; 4.30 1.41
k=4, HEM=5
WA i ia;l;)%:l; TARP=2; LW F=3; R TLA=4; REE+ 2.83 0.91
Zh =5
[ 7 B i AT [ 9 At 5.95 1.29
PERPEA PAREEE (4. F. 5) Bt 12.25 25.47
BREA fERELS SR BEMERATIRI O 15=0; JE=1 0.81 0.39
WA Z RSB W AR ZAEALTERE . FIHRA Z R A El= 0.76 0.34
DX In(l/x) HE L Fo B SRR, X3
A B ARG
FRESMA iR ARG B (J178) 10.28 6.46
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B=3; L=4; RL=5
RORISR3T FHIE A NEBUR BN SR B 2T =05 JE=1 0.15 0.36
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y B -
= = m = Exp(ﬁOrn +ﬂ1mxl +ﬂ2mx2 +-e +ﬂnmxn)
Pm P(y x) 1+Exp(ﬁ0m+ﬁlmxl+ﬁ2mx2+.“+ﬁnmxn) (4)
Logistic [ A7 A .
ym :Loglt(Pm):ln(l _P;) J:ﬂOm +ﬁ1m‘x1 +ﬂ2mx2 e +ﬂnmxn (5)

e PO AT AR GEAROY 32 T UL [ A GEAR AR | Bl R RIAR A 32 Y AR
R, WNEGARR B L [ A AR B R RUHER S x0 x,0x, AAETHEE B RE R N T
B~ P oo B FATEE RE, HAFRARREAL X IS (VIR S R %R
TEHGIHERE, FonMXE TSI, MRS x (H A5 250 m i H B BLIE
MRKR, REOBK, AR TR fz, ARRAL i x (E 0I5 2850 m /Y H 3L
NS, RBMKR, 2RI TTRGEOR; SHEEH AR, R AR X AR AR
MAEgET E5EICS, Al LAEER.
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Fig. 2 The transformation paths of farmers' livelihood in the Shiyang River Basin
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Fig. 3 Simulation of the transformation path of farmers' livelihoods in the Shiyang River Basin
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Tab. 5 Social effects of farmers’ livelihood transformation in the Shiyang River Basin

A A B C D B-A C-A D-A D-B 7 ik ] P
AT R 3.95 3.66 3.61  3.74 -0.29 -0.34 -0.21 0.08 +
eSS 0.86 1.29 117 1.26 0.43 0.30 0.39 -0.03 +
FEIX SRR 2.53 238 2.3 2.41 -0.15 -0.23 -0.12 0.03 +
LRUNTRIVA 0.73 1.95 122 237 1.23 0.49 1.64 0.42 -

E: AL B, CAIDBIARELGER ERR AGARRA . Bl fOl AR ERRAR P ; 2hh =7 478

SEFIA.

PIROmM T 0.42 A, BN AUge p A A R AR A e 3N 11 i sl bk b, D fefi a2 45
T ARRE (£S5),
422 ZFH N
(1) 1 BT RIESE . DMEGEAR F= R AR X RELL, LIRS AR | i
Ay TR AR B AU P o VR A I AL, B L2 TR A 5 | AR 3 () LR 22 A A AR v
TR ML 6 iR
F6 AFWREIER P E R EF R

Tab. 6 Economic effects of type I farmers' livelihood transformation path in the Shiyang River Basin

SD Zow
A-E B-F C-G  D-H (B-F)-(A-E) (C-G)~(A-E) (D-H)-(A-E)
FEEBWA 4.12 8.69 7.03 9.95 4.57(3.98)%** 2.91(2.33)* 5.83(4.35)%**
fEg A 3.01 235 =035 020 -0.65(0.97) —3.35(=3.90)***  —2.81(=7.79)***
e/ LIN 0.30 4.98 219 9.16 4.68(7.95)%** 1.89(3.13)** 8.86(7.52)%**
AR 0.78 1.40 520  0.60 0.62(1.86) 4.42(8.14)%** -0.18(-0.81)

: A, B, CHID A RIMRERADIRHE GG A £ 28 | G AR | il AR R 2 SRR 5 EL
F. GHIH SR FEABRIATWEGARON F TR BGARAR Fralfol BAEEA Ak P, =" /5 isi
55 FE5NIFRR TRIRE R, *. = =5 ERTE P<0.05. P<0.01. P<0.001 7K 2502, SD (Sim-
ple difference) F8& 7T ATFIAIHIR ZE 04558 .

e P AT NGO T PR [ E G AR B AR T, RSO L AR A R
PR RN, A3 4.57 J5 0. 4.68 1 IG; MEET A IS A E AR, B
0.62 77 G, TMXHEGEAR M A 7= A RN, 1870 0.65 1 T6 o FEFE [ 7 7l Y (1) 1o A
W, FREE R L AR ISR R A 38 S A RN, A BN 2.91 7
JG. 1.89 IoLM4.42 570, ARG A AN 28/ /i BE R 3.35 1 T6, FEf% ]
e F PRI R, X FREE S AFIEHERO A S0 35 E R0, 0538 5.83 71
JCH8.86 J1TT; TXHAEGEA MY A I 25 T RNy, /b 2.81 J5 705 RbRT LAk Al
ARG RN, 0185700, HAMAMNRE AR E. T, T B 5
s T BRI AR A, ER AR Gl A 2 b . B ARl I AR
B RO B A T SN, AR AR G AR A R A A T R ARAR TR A AR A
NTE

(2) M AIA TR RI A% . DB GEARR AR P o IR A, DAAEAR £ AR o s ]
A, BHZTPAT A B 22508, AR ANEE 7 iR .

AP A T AL G AR AR BB i AR A = AL AR R, X SR BB B 1 1) SR AN
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Fﬁl’ﬂlﬁji% 5 ifJ[I 4.76 ﬁﬁ, ﬁﬁX;Jwﬁ_% Tab. 7 Economic effects of type Il farmers’ livelihood
e AN B Y R A PN R T A transformation path in the Shiyang River Basin
RN, 38/l 2.16 JT ICHT1.06 SD Zom
Figt. AL, TR TR KL FEEES

SZRE A

PRz G BTk, B j;i}m IS o
AZEF R TREE BRI e : : ~2.16(-5.41)
AR s A8 Bl QA IN 3.51 8.27 4.76(3.12)%*
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0T UL RUBEAR ) KRR KIS, I o 53 B4 72 P<0.05 . P<0.01. P<0.001 K |25 4L %, SD
%nﬁfﬁﬁﬁjﬂ -4 ﬂ@i%?[‘% X% AK  (Simple difference) FoAe P12 AR IR 25 A 4 SR
b 0 FE U5 P i P RS AR R AR R
S EF AR P B AR TS IR R B DGR ARG 3T B (47.416 hm?) > 1L G AR A Al
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Tab. 8 Ecological footprint of farmers with different livelihood types in the Shiyang River Basin

gl 357 i A Bl &
EAY Sl L AR R e AR gad AR R ditk
(hm?) (%) (hm?) (%) (hm*) (%) (hm*) (%)
B 42.937 50.08 22.717 26.49 10.204 11.9 9.887 11.53
B 4217 23.71 4.800 26.99 3.596 20.22 5.171 29.08
T 0.019 27.14 0.017 24.29 0.023 32.86 0.011 15.71
I35 0.004 33.33 0.004 33.33 0.002 16.67 0.002 16.67
e s 0.239 23.11 0.237 22.92 0.288 27.85 0.270 26.11
LS Hh 0.133 27.03 0.121 24.59 0.121 24.59 0.117 23.78
AN 47.416 27.775 14.113 15.341
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431 [ A#HABEYARFE FAFR S AT 25 ANk AR 55| A £ 30 Logistic
HRE R SRR O N . MK AL (GEHGEE) . HAREAR (FHbmA) . YisA
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HET)) s T B LR R &,
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PR, A7 T IAE R e A Ok D B2 DI 32, mE bR R A
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i AR A R FARAR 32 R P I S B 7 51 5.45 J1 6. 9.86 J1J6H110.80 J1 oG,
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Tab. 9 Logistic regression analysis results of type I farmers' livelihood transformation path

- G ARL Bl e 570
R Wald Sig. EXi Wald Sig. £ Wald Sig.
iR -0.85 0.02 0.902 159 0.05 0.826 8.91 1.67  0.196
TR R 18.50 3.96 0.047 13.07 1.89 0.169 15.60 2.81 0.094
B IATIR AN -5.77 4.59 0.032 -12.89 722 0.007 -9.61 765  0.006
PR AL -9.28 3.93 0.047 -5.05 0.85 0.356 ~11.60 539 0.020
BOR A -2.74 2.73 0.099 -4.65 591 0.015 -3.62 436 0.037
FRBE S 19.58 435 0.037 6.92 0.39 0.530 23.54 6.04  0.014
WA Z MRS 6.80 6.09 0.014 -3.35 1.10 0.295 -10.16  10.71 0.001
ZUHe T -0.88 0.04 0.838 1225 496 0.026 2.94 0.41 0.525

e (1) RRIMHAEER B EKTF-P<0.1; (2) HAR =394,
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Fig. 4 Mechanism of farmers' livelihood transformation in the Shiyang River Basin
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The paths, effects and mechanism of farmers' livelihood
transformation in the Shiyang River Basin under the
background of ecological governance

TANG Honglin', CHEN Jia"?, LIU Qian’, YANG Xinjun"’, ZHANG Xiaowen"”,YE Wenli'
(1. College of Urban and Environmental Sciences, Northwest University, Xi'an 710127, China; 2. Shaanxi Key
Laboratory of Earth Surface System and Environmental Carrying Capacity, Xi'an 710127, China; 3. Key
Laboratory of Surface Process and Environment Remote Sensing in the Three Gorges Reservoir Area,
Chongqing 401331, China)

Abstract: The study on the farmers’ livelihood provides a new perspective for understanding
the complex human-land relationship in the arid region of Northwest China from a microscopic
perspective. Based on the social-ecological systems (SESs) theory and sustainable livelihood
analysis framework (SLA), we take the Shiyang River Basin transect as the field survey object,
and use Difference- in- Difference model, Ecological footprint method and Multiple logistic
regression model to describe the transformation paths of farmers’ livelihood under the
background of ecological governance, evaluate the transformation outcomes (socio-ecological
effects), and explore the transformation mechanism. The main conclusions include: First, there
are two paths of farmers’ livelihood transformation in the Shiyang River Basin: Type I and type
II. Type I mainly diverges from the traditional agriculture-led type to the traditional non-
agricultural type, new agricultural type and non-agricultural type, while type II mainly shifts
from the traditional non- agricultural type to the non- agricultural-led type. Second, farmers’
livelihood transformation makes the social structure of the basin unstable, which is manifested
by the decline of life satisfaction, the weakening of the support of local rural communities by
farmers who expand their social network across the local area, and the loss of collective
memory. The economic effects are differentiated, among which, type I path significantly
increases the total household income and non-agricultural income, but significantly reduces the
traditional agricultural income, while the new agricultural income only increases significantly
when it turns to the new agricultural livelihood; type II path has significantly increased non-
agricultural income, but reduced traditional agricultural income and new agricultural income,
and promoted the adjustment of farmers’ income structure, but the increase of total household
income was not significant. Livelihood transformation has reduced farmers’ ecological
footprint, thus weakening the impact on the ecological environment. Third, geographical
location, cognitive ability, natural capital, physical capital and financial capital are the main
factors affecting type I path, and human capital, natural capital, financial capital and cognitive
ability are the main factors affecting type Il path. Last, the geographical environment and
policy change are important prerequisites and causes of farmers’ livelihood transformation, and
affect the process of livelihood transformation from a macro scale. Rational choice of farmers
is the internal motivation (micro) of livelihood transformation. The transformation outcomes
(socio-ecological effects) will provide a feedback to policy makers and farmers, and influence
farmers’ subsequent livelihood choices and management decisions for regional development.
Keywords: ecological governance; social-ecological effect; livelihood transformation mecha-
nism; Difference-in-Difference model; Shiyang River Basin



