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Abstract: Enhancing the ecological efficiency of the livestock industry in the context of achieving “dual carbon” goals
is an essential prerequisite for promoting sustainable development in this sector and is very important for the
modernization of livestock farming. This study employs the Super-SBM model to measure the ecological efficiency
of the livestock industry in 37 pastoral and agro-pastoral counties in Xinjiang from 2006 to 2020. Utilizing kernel
density estimation and ArcGIS software, we analyze the spatiotemporal industry evolution pattern, and subsequently

establish a spatial Durbin model to explore the spatial effects of producer services in the livestock industry on its
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ecological efficiency. The data analysis reveals that during the study period, the ecological efficiency of the livestock
industry in Xinjiang exhibited a fluctuating upward trend, ranging between 0. 50 and 0. 65. Notably, the ecological
efficiency was higher in southern Xinjiang compared to northern Xinjiang, and in purely pastoral counties compared to
agro-pastoral counties. Specifically, the ecological efficiency of the livestock industry in Xinjiang demonstrates
regional disparities and spatial agglomeration, with the ranking being: southern Xinjiang pastoral counties™>southern
Xinjiang agro-pastoral counties>overall average in Xinjiang~>northern Xinjiang pastoral counties>northern Xinjiang
agro-pastoral counties, reflecting a spatial pattern of “higher in the south and lower in the north”. The empirical
results indicate that producer services can significantly enhance the ecological efficiency of the livestock industry and
exert a positive spatial spillover effect. Therefore, based on this study we recommend improving the construction of
producer service systems to elevate the level of producer services in the livestock industry. Additionally,
strengthening inter-regional collaboration and communication is essential to leverage the driving role of producer
services in enhancing the ecological efficiency of the livestock industry across regions, thereby achieving sustainable
development in this sector.

Key words: producer service industry of animal husbandry; animal husbandry ecological efficiency; Super-SBM
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Fig. 1 Mechanism of impact of producer services on eco-efficiency of animal husbandry
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Table 2 Descriptive statistics of variables
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bR SRR 4y AR K (<20. 236) VB K S (0. 236~0. 359) 85 55 7K F (0. 359~0. 614) Fll 55 K F (=>0.614)4
ANE, 2006 4,49 2/3 (1 B AL TR P RACR E R R FE A& R HAR AR A ER TS WA
HECHKRE SRR GHEE A s RUR S BIE B O RSOR AR FER R AR E AR Ve Ry s AL
IR o BT R A O AR SRR R AR R A L XN KR AN . 201148 T B AR EE G RT B MR A
(I REIEESNEE'E 7 s o= S | = T = W O | R oy P S I N By A D ) = W =8 A 7 N N2 O [ S
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W7z ) A A R R RV 45 X SR A 1F B AR DN R A A 25 ER R 22 S v S A /N R
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Fig. 3 Spatial distribution of ecological efficiency of animal husbandry in Xinjiang

FE T [ SR R RS B v M IR 45 3 (http: //bzdt.ch.mnr.gov.cn/) GS (2022) 1873 5 kg i b & il 75 , Ji$ &1 31 % G5 4 . Based on the standard map
service website of the Ministry of Natural Resources (http://bzdt.ch.mnr.gov.cn/) No. GS (2022) 1873 standard map, the base map boundary has not

been modified.
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Fig. 4 Estimation of Kernel density of animal husbandry eco-

efficiency in Xinjiang

Fz3 2006-2020 F FH W 4 S E Moran’s I1E
Table 3 Moran’s I value of animal husbandry eco-efficiency
from 2006 to 2020

A AR Moran’s 718 Ay Moran’s 714
Year Z-value Year Z-value
2006 0. 374%%x% 3.272 2014 0. 400%** 3.483
2007 0. 389#:#x* 3.394 2015 0. 338#:#x* 2.975
2008 0. 367#%x* 3.210 2016 0. 333#%x* 2.938
2009 0. 308**x* 2.729 2017 0. 273%%% 2.448
2010 0. 345%%* 3.032 2018 0. 299#%x* 2.657
2011 0. 355%%* 3. 114 2019 0. 270%* 2.418
2012 0. 356%:#:* 3.118 2020 0. 2764 2.471
2013 0. 310%:#:* 2.751

e * ek oo 3R FORTE 10% 5% 1% KSR 3, R,
Note: *, **,

5%, 1%, the same below.

##% respectively means significant at the level of 10%,

model, SDM ) . %5 [] i J5 #5 # (spatial lag model, SLM ) Fil 55 [] {2 24 45 % (spatial error model, SEM) [ [f] 9 2%
PIAfE B, LS RANR SR . b B, SDM AR BB 27 4 % BUBLR (8 (log-likelihood ) BL K ok 7 Z %k
(R*) ¥R fi fer , 22 W SDM LR AE 4004506 B2 T 1 58 500 34, DRI oA O 2 B 3 5 (S TR 3

x4 ZFHETEHELMERGE

Table 4 Selection test of spatial metrology model

giit

Quantity of statistics

HeitH

Value of sta-

giit

Quantity of statistics

i

Value of sta-

tistics tistics
23 [A] 15 25 A5 R A A D) H T 50K 56 LM -spatial error 8. 527x+x || =3 W] J5 LAY IR /K FE 4G B W ald-spatial lag 36. 510
Tt (1 %3 1] 352 2 A5 U A% (99 H TR 440K 5 Robust LM-spatial error 4. 559%kx | 23 [A] 15 22 T ) IR R 7 AG: 35 Wald -spatial error 36. 410
25 [ i S AS A (4 B4R B H SR RS 9 LM -spatial lag 13,661+ || Z307 & ki 4% Hausman 15. 880+
Tt 1) 235 5] 5 A5 TR LA 191 H S A0HS 35 Robust LM-spatial lag 9.692%x || 7 [ia) [ 72 240N BLAR HE AR 56 LR test (spatial fixed effect) 20. 2007
25 () lf Jo AR B {BL AR L A6 9% LR-spatial lag 35. 3905k | Bk i) [ 52 25 7 A AR HE A9 LR test (time fixed effect) 1308, 620

2% [] 1% 24 465 780 4 {1 9K LU A6 36 LR -spatial error

35. 7503
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Table 5 Regression results of spatial econometric model

fife e B 23 () FE BRI Spatial - %3 [ J5 455 8 Spatial - %8 ] 12 25 658 8! Spatial
Explanatory variables Durbin model (SDM)  lag model (SLM) error model (SEM)

AR ZAH AR ZAH AR VAN

Coefficient ~ Z-value Coefficient Z-value Coefficient Z-value

7 Woolk A 7= P IR 45 k. Producer services of animal husbandry (LPST) 0. 011%x* 2.36 0. 011%x* 2.36 0.010%* 2.28
kA4 48 Livestock stock (11) —0.453%%%  —8.33 —0.451%%* —8. 44 —0.448%xx —8. 37
N T4 AL % Urbanization rate of population (PUR) —0.055%%  —2.06 —0.048% —1.79 —0.047%% —1.75
% Bl £ AR K F Animal husbandry technology level (LTL) 0. 022%%x* 4.50 0. 023#%x* 4.57 0. 0245%x 4.81

% ol 28 3% & ' 7K F- Animal husbandry economic development level (LEDL) 0. 054 1.95  0.061%* 2.32  0.064%* 2.40

K 7k 4 Precipitation (PRE) 0.085 1.18 —0.027 —0.61 —0.026 —0.53
25 ) [ 8103 & %L Spatial rho 0. 1305 2.51 0. 132 2.65

25 ]2 22 F 179 & 4L Spatial lambda 0. 143%*x 2.77
BB #1152 T (1) 7 2% Variance of random error term (%) 0.025%%%  16.62  0.025%  16.62  0.025%*  16.62
e sE 2% Determination coefficient (R?) 0.3612 0. 3362 0. 2990

Xt AL SR 1 log-likelihood 230. 5649 224. 2621 224.5794

H1 2% 5] UL, DAAZ O fift e 728 o BT R R, 38 ROl AR 7 P IR 55 b %) 3 0l A= S 07 A T R Y IE 1] R, R
AE 2006 — 2020 4F, 37 48 (9 7 H0ll 2B 7= 0 IR 55 A7 3kl 3l T 3 Ol AR SRR B3R T o [ 5 i BE S A A P IR 55
b B AR B T SR AR S B PR R AU Bl AR 7 IR A5 ol B R A A N T ) ik — 2 e B T R S A
T2, [a] i o 38 2o — 28 90 9 B S O s Dy LB M 7 AT A 1 o B Ol AR 7 R IR 55 R D A 7 A i AR R
£ v 1) e 55, 2 B A ™ b AR R B HEE AR . BRI B B0l AR T R IR 55l 2 R 2R A Ol A A T AR
i 2o P A% 2 Ly AL IR 55, DA E A MR IR R R B . A S OT B A LA S AR P AR TR IR 55 AL 7 A B B
BB B0 DY 55 ORI Iz 55, 7 v B A IR IR R SRR LR B B SR B IR B SRR R S, LURO™ S BN
T2 dz R AN A 1 B AR AR RIS e 50 25 o AT B U P 6 A R R T 3R B i A Ol Ml B s AT BRI
B O P B HE I, ST AR v R O AR SRR KR

MR T A2 53 M R R K B B T U1 3 80OA I, (H R 8 300 A2 25 R K, 3R B I /K 0 7 Il A 25 AR 1Y IE 1)
SR IE AN o I AT BE BT SRR R B M LA R R DDA O o B SRR M X A T T R R T R U e AU, R AR
BEoK D, AR Z EERRRERRZE . HEAEEE 10 R FERKET S5 F B0 A S8R E A,
P T i A 7 8 7 ACRSCHE B0 1, 2 o B i AR 2SR BCRE T 9 A BELRS R O AR A RCR G B TR o N IR AL R
O AR S HCR A R W AE 500 18 EKF Nl i A e, R RO . SR B SR A PR M 95 B ) B
TR AT — 52 1 W AR 7, 38 A0l D5 A B K - 1 o 2 0 (L ™ ol 7 SR BT BT 37 O, DR G A T S 4 il DL IR
BEVRIRIE O A S B i 7 7 i i, DT X AR Ml 7 Ml A 2 R0 A — S SR IR o A Ol BR K A A ol
22 TR KA 7 Ol A= AR BRI AE 106 R 506 B9 30 25 M KCF T il K 5, R A IE R W] # Holk £ R KCF Rz
TrRaR W B L T DU B Ol A SR AR TR B M 2 BF 7 o A & T A BRI B AT R0E AT T LA 37 B K SR Y
HEHL, [ s m] LA & il K e DU A ) B R 2 s A 2 i 3 Ol AR AR
2.3.3 AU I B FT T [0 9 28 BOAS e 42 B e 45 28 ot i A0 A S AR 0 i P, IR et — 25
I BICINE | I 4 255 O T AR L, L e i R S X A R R A S R R E il e R o T R A T o S Tk
L HEAT ot (32 6) o ARG 6 BOZE SR, 3 M0l A 77 1 A 55 ol 8 38 86 7 Al 2B 25 2803 A LS00 3 OE, R B
0.096, 2 B 7 Wl Az 7= P IR 55 Ml AP B 52 T 100, 38 8 78 Ol A= SRR AN AR 5 0. 096 70 0 7 MOl A2 7 1 ik 55l
WA 552 BB R A DG A C R R ORI AT, 3 ek 5 B A ADREIC 75 BT Rk B4 4 IR A BRI R B P A L LR
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S A 7 1 RE A K, DT 980/ B URR 9 FIER B 3 g, — AP R T IR A R AR A ROR . G, SR TR
Y 1o MATRIERON A A 7= e I 55 b X 7 AR 2SR LA A 1) 9 i BE AR EOR G o 2 VA 5, 0 e T
B 20 5 i P AT R R S 7 A0 A A R B AR T BRI, A% 7 7 AR T ER Y K™ A 5 T Y 22 BN AR
PR 55 i R AT 8RS, HAR O IR 55 10T 26 B 7 YR30, AN 53k, 7 4 2l X 2 80 A A 00 5 TR S B AL I I ) 2=
[E] 34 HH 2800

Fo6 ZTHEITEEBNBNESHE

Table 6 Effect decomposition of spatial econometric model

i RS B3ROV Direct effect  [H] 328500 Indirect effect BV Total effect

Explanatory variables X VAL ES 4 VAL ES 4 ZA4
Coefficient  Z-value  Coefficient — Z-value Coefficient  Z-value
& ol 2B 7= P IR 45l Producer services of animal husbandry (LPSI) 0. 096%* 2.56 0. 067 0.86 0.163* 1.75
W AP RE B Livestock stock (11) —0.256%xx  —6.70 —0.123 —1.33  —0.379%%%  —3.75
N FH 4 A % Urbanization rate of population (PUR) —0.025 —1.34 —0.053 —1.59  —0.078*  —2.06
& Pl # AR K - Animal husbandry technology level (L TL) 0. 015+ 4.32  —0.016%+ —2.72  —0.001 —0.17
F MOl 2 55 % B 7KF Animal husbandry economic development level (LEDL) 0. 035% 1.85 —0.072%x  —2.35 —0.036 —1.09
W4 7K i Precipitation (PRE) 0. 027 0.54 —0.103 —1.55  —0.076 —1.55

A AR 2 A T 85 SRR T B AR G Ml A A AR R L R R [ S e 38 R A P AR R
T2 o e b A A AR ER AR 7 AR K B IR A 0 T SR A s A N I N . 33X AT AR AT S0 R Y R B R AT
DL B K B il i Rk, DT X A S PR 0 e B T, B AR AR AR AR . P A AR R Y B A S n R 4 H K A AR R
DRI 38 4o ORI S 4 ANAX AT BB & A 76 X Hb B8 B0l N L 38 T RE DT e 31 34 M XL 2 B B (v Rl . 9 U S 4 AT g
T BT WAL T R AR 2 i — A RRARAE RO . F Ol B AR KT X E I A A R Y T B N I [R] AR 1Y
R0 0.015.—0. 016, 3 4E 126 & KT Tl kg . 2RI & POl £ R 04 1060, A ol IX A AR 42
15 0. 015N 43 s, 171 408 30T 1 IX A 2S5 RCR IR 0. 016 1 43 s o 78 Wl 3 AR 2F A5 S 3 S 30 9 8 1% w85 2R i L
RE A% /0 5 B 3ok A o 1) D S 0 R ORI R 58 75 G K IR e G A0 A I B B R, SR IR 2 S AT s ke .
] 10 a0 A X Aol e R Rl e AR R B e A M R A% e i A 7 O L AR R AR T ROR RN A B R R B D s IR R i
TR R R AR R N A g R I R AR AR ROR . AR TR R I HETT RN I 4 0 F R R,
FARHE T AERCRIIETE o SR, T A7 RN % T B, AR b X 7R B O R A R
BN S AR AT I, T Tk 2 DX AR S ROR B #E— AR R TR . F Ol 28 T R KT X F Ol AR A RO Y
BRI R HCH 0. 035, IF7E 1026 19 1 3 MK T3l 2 K6 56, 36 e M 28 R R AR ARG 0 T, & il 28 5% & TR K
SRR 100, A HE DX AR S ROCRAG IR TE0. 03520 o IR R B —0. 072, IF 383 T 5% 1Y B M AKCOE R 5, 3R
HH B B0l 28 U & J okt 3t X1 A S8R AR T Sl BE . B A O 0 & KT IR T F RO A e E
T 22 114 5% 4 AT R B A SR 5 A 7 AROR RN B R R R il an, A SRR IR R e R RE PR B A5 AR G B R R Y R
FH AN Rl 5 35 B A 55 Bl o B, 32 5 A2 77 0%, 34 R Rl 20 % 5 R 2 R PR A5 S g, MU 4 T 38 Ol A S R0 . (HE )
i 28 55 J ot B ep AR AE P S5 R O G L L A e RO B b E b AR 7 U 2, AT RE S S U R O R AR IR B
XA R A B 7 b 45 44 3 3k T 3 WL X i i DX A TR R, AT 2 B A S 8] 67 S R RO .

3 WieE&ie
3.1 it

A AR B S A N2 [ T I A Bk 0, I R N Sy 3 ) A A Al X IR I (R R I R L R e N ST R R
Jre | JF v i HE TG TonS A A I 4 e e S Y WA AU AR AR RE LA 2 ) R, A BR E B0l IR 3R R E
TR AR R ECHE R, A AR SR HE B 14, 5% . 7E A BR S I A5 LA IR P RURR T H AR A9 A SR, A
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e
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SE (14 Jey BRAE o AL 5% 45 AT AT 375 BT At S LSBT S8 35 0 A 7 1) S B bR B, e U1 B A0l A 7 e R v A T 2 R X 1
FIAR N3G A — S M. ARG, 3BT 3 — 25 58 B0 58 05 1%, 325 3 Ok A= 5 0% I ARG B
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3.2 ZiS5HReT
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