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Abstract: Since the 1980s, grassland fragmentation has become increasingly serious in pastoral areas of north China, and
has become a crucial feature of grasslands after the grassland contract management system reform. Therefore, this study
focusses on the practical effect of grassland fragmentation on herders in pastoral areas, particularly the impact of grassland
fragmentation on the livestock production and management of herding households, which not only could provide theoretical
support for the better improvement of subsequent land policies, but also provide more basis so as to achieve sustainable

development in pastoral areas. In view of this, this paper takes the semi-arid pastoral areas of Otog Banner and Wushen
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Banner as an example, and empirically measures the impact of livestock efficiency and its mechanism by using the micro-
survey data from 153 herding households. Firstly, the Data Envelopment Analysis-BCC ( DEA-BCC) model and entropy
weight-TOPSIS method were used to measure the livestock efficiency and grassland fragmentation degree of herding
households. Secondly, the livestock efficiency was decomposed into technical efficiency and scale efficiency, and then the
Tobit model was used to estimate the relationship between grassland fragmentation degree and efficiency of livestock.
Finally, the forage expenses was used as a mediator variable to evaluate a mechanism about the impact of grassland
fragmentation on livestock efficiency, then we analyzed the heterogeneity of mechanism and tested the robustness of the
conclusions. The results showed that; (1) The grassland fragmentation degree had different impacts on the livestock
efficiency, indicating that the technical efficiency fail to significantly improve when the degree of grassland fragmentation
increase, but the impact on the scale efficiency is not significant. (2) The increase in grassland fragmentation degree could
stimulate the soar of forage expenses of herding households, and then reduce the efficiency of livestock. Similarly, this
conduction mechanism only has a significant impact on technical efficiency. (3) Using normalized difference vegetation
index (NDVI) data for heterogeneity analysis, this study found that the impact of grassland fragmentation on livestock
efficiency showed obvious heterogeneity. Specifically, the impact mechanism varied with different vegetation coverage, and
the negative impact of grassland fragmentation on livestock efficiency was more obvious in research areas where has higher
vegetation coverage. In conclusion, this study suggests that grassland ecological protection should be paid attention to. At
the same time, pasture reintegration should be achieved to mitigate the impact of pasture fragmentation by advocating
collective action among herders, conducting joint household management and promoting herders’ self-governance and co-

operation.

Key Words: grassland fragmentation; livestock efficiency; forage expenses; DEA-BCC model; entropy weight-TOPSIS
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Table 1 DEA input-output indicators

AR i 1t HIfE FrifE2E
Variable Variable name Explanation Mean Std.
7= AF B Output variable & ol = E FT IR M 4E & S E(TIT) 151.22 131.99
P A FAERPEB R 2020 AERAERLEE MR (CRIAAL) 279.21 187.10
Input variable + b T AR 2021 4 AU 5 B I B2 A (hm) 175.16 117.95
958 11 NEL 2021 4EHOP FIE I S I NEL(N) 2.16 0.78
BEA 2021 AFF POl A 7 B4 5 BE BB (ToT) 124.30 134.79

PR AR EN T EAR M 1 R =1 RN =1 DAL 1 Kb =5 DN L T =6 DE AL, 1 BAAL4NF = 0.5 B X I AF 47
DEA : Bl 12534 Data Envelopment Analysis
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Table2 Measured results of livestock efficiency

X3, Area FEARZR Technical efficiency AR Scale efficiency
A X I, Total area 0.661 0.591
BRFCITIE Otog Banner 0.597 0.569
L jif Wushen Banner 0.736 0.617
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Table 3 Grassland fragmentation indicators

At AR Wi ¥l PRifE2E
Variable Variable name Explanation Mean Std.
E[AF5F5 Positive indicator Hu g WP B A ARAR s R A 2.45 1.53
i ) b e 241 AR B T FR 2 1/ s e hm? 107.51 109.85
Negative indicator W FMEEREEE MBI R B 2 R MR km 1.82 6.37
DFEEE R Result AR A TOPSIS W5 MBI AL R B2 0.20 0.14
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Table 4 Selection of variable and descriptive statistic

Akt AR A B e ) i bl 22
Variable Variable name Explanation Mean Std.
B Ar g FARRA CTE DEA I AH AR 0.69 0.21
Dependent variable FUBER SCA DEA IS A B % 0.59 0.28
fif# B8 B Independent variable R C FEL-TOPSIS 15 (1 FE I Ml e A A 0.20 0.14
s i BRI M 2021 AR EER S (TI8) 70.69 113.76
Mediator variable

Pl A B AW Age FUEAER (%) 54.32 9.18

B OREBEIAA, 1 = 3R 2= 0 3=
A 4= 5=

[ 120 4F 2=/N3% 2 4F 3= /N2 35 4F 4=/
AT B Bl SR 6=R R OBE) Tk 0O 168

PO R R A 55 5L BAE BUR B TR, 0=

Control variable f AL Heal 4.04 0.72

BUREIR Gov 1 0.10 0.31
FKUET] Bet: Lnwater A 2 B 7K 5 R 4 ke 0.39 1.68
N EET] Bt Lnroad S R A I 14 B S O km 2.22 2.88
FTH Y Feed WA RPREAITHY,0=1,1=/& 0.13 0.34
WL Trans WP RES5HE,0=7,1=/& 0.16 0.36
FEHEIH — 45 %L NDVI WP FTE R A R BUR Y NDVT Bl 0.40 0.15
Fé#7K 1 Rain B BT A I A R AT R K e/ mm 25.53 5.64
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Table 5 Impact of grassland fragmentation to livestock efficiency

ARt & FR FARBFR Technical efficiency ( CTE) L H Scale efficiency (SCA)
Variable name (1) (2) (3) (4) (5) (6)
FE AR -0.2453 " -0.280 " -0.325** -0.079 -0.069 -0.041
Grassland fragmentation degree ( C) (0.147) (0.148) (0.156) (0.175) (0.179) (0.185)
P AR -0.004 -0.004 -0.001 -0.001
Age of herder (Age) (0.003) (0.003) (0.003) (0.004)
{HERRER 0.001 0.009 0.043 0.037
Health level (Heal) (0.031) (0.035) (0.034) (0.034)
THEEE -0.013 -0.011 0.009 0.005
Educational level (Edu) (0.013) (0.013) (0.015) (0.015)
B AR -0.063 -0.063 -0.013 -0.004
Government working ( Gov) (0.068) (0.067) (0.072) (0.072)
IR AT Kot 0.051 0.046 -0.054 -0.057
Water accessibility ( Lnwater) (0.068) (0.069) (0.041) (0.039)
N T Btk 0.027 0.024 0.011 0.005
Highway accessibility ( Lnroad) (0.032) (0.031) (0.035) (0.034)
R 0.005 0.089
Pasture (Feed) (0.054) (0.076)
WA -0.062 0.077
Tenure situation ( Trans) (0.056) (0.064)
B H — AL AR 4L 0.102 -0.151
NDVI (0.160) (0.162)
[ 7K -0.010 -0.002
Precipitation ( Rain) (0.009) (0.010)
B RO 0.673*** 0.915*** 1.040 *** 0.595 *** 0.429 0.5720
Constant (cons) (0.046) (0.263) (0.297) (0.053) (0.311) (0.362)
N 153 153 153 153 153 153
HaIXZL)S Region effect Fasthil sl sl sl il il
PseudoR? 0.155 0.195 0.214 0.019 0.058 0.099
F 8.96 3.04 2.34 0.84 0.78 0.93
Prob>F 0.001 0.004 0.009 0.432 0.624 0.518

s o JPRIFRZRTE 0.01,0.05,0.1 7K 1 2 AR S-S T BB bR 22 5 51 (1) R RO IAL R BE X EOR LA A52 R, 51 (2)
FEF (1) W FER B3I T KEEA S FHE 510 (3) 765 (2) RYFERT 30 T MBS ; 51 (4) —(6) [RI3H | 3o7m R4 B R AL R E X R RO 1Y 32
M s NDVI: A 8% 3 — 1L 45 50 Normalized difference vegetation index

3.2 HUGREREAT E Bl RS i AL 2 A
3.2.1 MUK

BRI 2 5 R AT SR X R P T R R I, A0 o il SR ) R A 7 SR R s Z T i A F
B AT Ry SOHTE BT B BTN TCRAR A, AR B BO SR EE T, PR, A SCR 1 D) BB} S Sy rh A AR
S (1 A N TR SR A 6 R R R AR ) B RO R R gk 6 BoR 50 (1) —(2) W T E iRk
TR FE R0 B ARSNGB S 520, 51 (3 ) e 3 BR300 o ) o) S 1 53 i A R R AR Y
452, S5 SRR A0 (1) —(2) AT WL, FE A AR BE X O™ HORBCER A BB S 0y Al T+ R 5003500k
-0.327 #1136.472( P<0.1 Fl P<0.01) . 5 (3) 45 1 [ i 2% F R 37 Mo e F e A 88 AR ) e 8 S 1 X6 A5 e AR &K
R R RA S5 R . BACKRE | B m AR B e BB S R R R A Al T R -0.277 F1-0.001 ( P<
0.1 F1 P<0.05) , 33 M5 1) k) 52 H 2 B 37 e A BELAR R AR SR 48 R O PE R R A Bl R s e ir (b A 3
XA AR S AL An 81 (4) —(6) iR, 45 SR W S48 RE S M e AL AR FE 3 I0 1 0P i 1) B0 S
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SR AT S A0 SR 37 A 1 2 A8 A, PRI, T DDA R RE 37 R A 10 o ) s S R ) 3 POl 3R A L
il FB o3 WAL, H M2 i FHORBCR , M AR S I AN I
R 6 FEIFWREAL SAERXH SRR EE

Table 6 Grassland fragmentation ,forage expenditure and livestock efficiency

BRBEE WHRORL SO HARR R % WROR SO MR

N Technical Forage Technical Scale Forage Scale
AR AR .. .. . ..
Variable name efficiency expenses efficiency efficiency expenses efficiency
(CTE) (M) (CTE) (SCA) (M) (SCA)
(1) (2) (3) (4) (5) (6)
AR -0.325** 134.019 ** -0.277"* -0.041 134.019 ** 0.005
Grassland fragmentation degree (C) (0.156) (52.396) (0.159) (0.185) (52.396) (0.189)
T RS -0.001 *** -0.001 *
Forage expenses (M) (0.000) (0.001)
P AR -0.004 -2.665* -0.005 -0.001 -2.665" -0.002
Age of herder (Age) (0.003) (1.398) (0.003) (0.004) (1.398) (0.003)
HERRER 0.009 3.924 0.010 0.037 3.924 0.038
Health level (Heal) (0.035) (10.201) (0.034) (0.034) (10.201) (0.032)
ZHEBE -0.011 -3.229 -0.013 0.005 -3.229 0.004
Educational level ( Edu) (0.013) (3.860) (0.013) (0.0147) (3.860) (0.014)
B ATER -0.063 -42.792** -0.078 -0.004 -42.792** -0.019
Government working ( Gov) (0.067) (19.803) (0.067) (0.072) (19.803) (0.072)
IR AT R 0.046 -8.349 0.042 -0.057 -8.349 -0.059
Water accessibility ( Lnwater) (0.069) (14.985) (0.071) (0.039) (14.985) (0.039)
OB TT Rtk 0.024 1.704 0.024 0.005 1.704 0.005
Highway accessibility ( Lnroad) (0.031) (11.571) (0.031) (0.034) (11.571) (0.034)
R 0.005 13.585 0.009 0.089 13.585 0.093
Pasture (Feed) (0.054) (17.057) (0.054) (0.076) (17.057) (0.076)
WA -0.062 27.299 -0.051 0.077 27.297 0.086
Tenure situation ( Trans) (0.056) (20.224) (0.055) (0.064) (20.224) (0.065)
1% U — AL HE 5L 0.102 -84.661 0.070 -0.151 -84.661 -0.180
NDVI (0.160) (77.578) (0.161) (0.162) (77.578) (0.163)
[ K -0.010 -1.730 -0.010 -0.002 -1.730 -0.002
Precipitation ( Rain) (0.009) (3.091) (0.009) (0.010) (3.091) (0.010)
H RO 1.040 *** 277.251" 1.140 *** 0.572 277.251* 0.666 *
Constant ( cons) (0.297) (147.305) (0.300) (0.362) (147.305) (0.364)
N 153 153 153 153 153 153
HaIXZL)S Region effect il il sl sl il il
Pseudo R? 0.214 0.241 0.099 0.123
R? 0.200 0.200
F 2.34 3.24 2.89 0.93 3.24 1.03
Prob>F 0.009 0.000 0.001 0.518 0.000 0.430

ok wkx SPRIFRIRTE 0.01,0.05.,0.1 KB BL3E  RAREHR S T BB AR ME 22 51 (1) KR LA R BE X HR ORI, 51 (2)
TR T SZ WAL TR B 4] B X 0 AL 91 ( 3) 37 0 S e R A TR JEE M 12 AR S8R ) T A 07 5 81 (4) —(6) [R) B, 357 W37 e e Al T JEE X AL
R AR

3.2.2 AT G S B

S5 AW X RL AL S NDVI 3 A RRAE (1 2) AR Sk Xk 25 16 Ay P R AR A0 37 il s A A
(R SA(E 5 44 WA A 22 23 T 7E M Y NDVT 350808 & 31, NDVI 5 5031 s AL B2 B8 A7 AE 23 [a) S b, ML NDVI Sk &
B TSR FE e B, A W 35 R W B R AL R R, % W MG T S04 E S I, 15 W SR v A
PR BRI O AR, AF B B A i i AR 2 B M BRI A P B AR RCR AR TH A SE kT, SRR AR RCRAE
HEBOVRCR IS 73— 55K R NDVI T R i 0 A AR B e ma pL ] ) S ok . B iR Ak H 23
FUEE R A AR A BB IR R ] R R 7 B T E N DR R o R DL R AR B A ) R 4 R
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5 e 1 T R A O DR R T A R R T A MU, LR R AN B B AT 47
BB R 0 BT R B0 5 B A A AR B S R, [ I AR S 5 R [ NDVI
HAMAL, B AL T R M0 3 Ol ORI S FERUR

Mg 2021 AEBF5E X 3 NDVI & A /N T,
MUK 4y 5 8 NDVI I % NDVI 5 647 A, 45 (’-"f\ A
W27 5 (1)—(3) B (4)—(6) Pz, 4R s < o
i NDVI 0], B e R X B Aol R gL 2

RIS, FL I NDVI BRI T ﬁg | Y
NDVLIX MO, ATREM PR TR R R R o

1 0.8691
{i§: ~0.0004

B, BERERTRERS S AL (10 2 2 AN, TR B B MIE 11 <\»»;"/W_, N
HE Y L WSS 1 B0 R M ) 2 R B S Y .
P22, PRI ZEARG NDVT B9 25 8 B e AL 25 S0l 280%
FIA FRsZ i AN B S AR, R B9 NDVI = B, #3
TS 7 A A R B M 1 A A 2 8 26 ) R DE i B
TEFH N 1 S 7 L 5, P A 29 B O R BT 2 2021 SRR NDVI SRR ER

E[ F{L ,E :% bﬂi ﬁﬁg"l ’fJC 3 TJ’% % i[i%l K lél/‘J ?ﬁ " r'ﬂ T’f NDVI Z: Fig.2 NDVI and grassland fragmentation degree of research
[ 4 00 A 2 5 RS 7 36 S8 4 X 7 e
S A I TS0, TR 7 AR 1 37 DU Ay
B S ZS AP R 97 11 53— A5 3R A | WA TR K AT B0l 5 B R

B

3
50 km (é"
[ &

0

region, 2021

®17 A [ENDVIHRRIES T
Table 7 Heterogeneity analysis of different NDVI

= NDVI High NDVI i NDVI Low NDVI
BoRRE WERSCH BORREER HRRE mERSCE BOREGE
A AR Technical Forage Technical Technical Forage Technical
Variable name efficiency expenses efficiency efficiency expenses efficiency
(CTE) (M) (CTE) (CTE) (M) (CTE)
(D (2) (3) (4) (5) (6)
AR -0.472%* 140.617 * -0.545 ~0.101 178.562** -0.016
Grassland fragmentation degree (C) (0.219) (74.877) (0.397) (0.247) (83.462) (0.244)
TRl B ST -0.001** -0.001"*
Forage expenses (M) (0.000) (0.000)
#1455 Control variable JE T = = = 2
R 1.035" 280.207 1.413 %+ 0.933* 414.880 1.126**
Constant ( cons) (0.620) (238.026) (0.426) (0.397) (247.610) (0.480)
N 92 92 92 61 61 61
HuIX 540 Region effect i i i i i i
Pseudo R* 0.317 0.538 0.272 0.344
R 0.189 0.276
F 2.21 3.26 4.09 0.67 2.54 2.26
Prob>F 0.019 0.001 0.000 0.782 0.011 0.020

wak akx SPRIFIRTE 0.01,0.05.0.1 K b W3 A BT S i BB AR 2291 (1) KR RO LA TR BE XS 85 NDVI U HORBOR )
SR, B (2) R R R L XS X =5 NDVI 0 B HORL S B 520R L 31 (3) 2678 WO B e AL R HE S0 25 NDVIL 0P B ARSI 1 A 80037 5 51
(4)—(6) [FIF, F/RAK NDVI 0™ 32 R M AL T BE 1) 52 )

323 RMEMEAR
HPRIESS SARMENE | USRI 7 BOlk 30 i AR B 08 o i R 28 00 2 R 4R A T AR R AG:
Ko o TORFZEAR A HBAE AN R ZE A, R A TSR 2 5 RS IR DRI AR SR i AN ) 2 4
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At %) ) FH 258 X6 A P A b R T RRHE AT T AR R %) R b R R BRI B L R B FE R 45%—
50% ; FFKZERI ] - 309%—35% 3 % Z=F FH : 55%—65% 5 44 F) 1 45%—50% , A< SC % i Le 46 o i (i 20 47 4
) YT B M e S B R R, 225 R R SR (s R TR A RN i R B A e b R ST R R ER
BB LR R I WA R (C_use) . FREMERZIOZE R ANZE 8 PR, 811 (1) —(3) N Hdg s brfl T BLUT (4
TARAR R B X 36 AL R I sZ M AL, S SC & BRAE TR R A% O i R A8 2 I B R b I, DR SR 451 0 R R AR AR AR 1

AL,

®8 EHIRAAERTHNELREE AR HnER R

Table 8 Fragmentation degree in real using grassland, forage expenditure and livestock efficiency

A AR FARBE e BRL S AR
XE Technical efficiency ( CTE) Forage expenses( M) Technical efficiency ( CTE)
Variable name

(1) (2) (3)
SR AR -0.346** 124.739 ** -0.302*
Actual grassland fragmentation degree (C) (0.152) (51.389) (0.155)
TRl B S -0.001 **
Forage expenses (M) (0.000)
¥ 25 & Control variable I i i
W 1.045*** 285.241* 1.147 %
Constant ( cons) (0.294) (148.996) (0.298)
N 153 153 153
HiIXEW Region effect i i Pl
Pseudo R* 0.221 0.247
R? 0.198
F 2.42 3.22 2.97
Prob>F 0.007 0.000 0.001

s ax SPRIFIRTE 0.01,0.05.,0.1 /K b3 4528 140 5 v SRR AR EZE ; 51 (1) 705 52 B 0 37 e AL o B S AR BOCR B R2,
B (2) TR SRR SAWEARAL TR BEX 5] RS BRI , 51 (3) 3 SEBR 37 AL R B R A B AR /Y P 200

Lk LR REVERT IR UE I TASCEE B T ARk . — T3 I, R AR R R e L BR A R e Il AR
ST FBSEIA A 5 55— i, ] e S X B POl 28GR A S 35 R, TOKR T S 3 B A X 3 Ol R I 2451
YEHL,

4 ittt 548

4.1 g

A T 1) B A M A D 7 AR AR B v 1 T 2 TR 3R A D K R 7 T ke () I BE A, R
T, Anef 56 35 ) BE i B e e AL Rl RE AN BE B B SR RS it , 75 2 SR B 22 T4 it e 22 4 32 DR b 1) 25 52
JitE S, SR AR XA A S — 7 — G, i 1 A IR A R, SBE NERIE RR  ZHIf—
P Bbs, i AR A AR A AR RO SR, < — P R R R i R S RS
KT RBAS , 75 X LA R AL [l ) AR SO 9 % B 1 0 s A X RIS B3 IR O S (3, i 2 A
SR PR R A —E e B R A ik & e 5 H 7R B BRIk Xy« — 1 — 7 48 R S
I, AR AR & POl R A ST B

AR SCEBE R R B R AR, AP B8 F 2 R T o A % IR T R ER AT
Rl DX FE AL, A5 B FF o 02 [ O I OB 5 e e R P A A 3 0%, AR T A ML, A B AR 43 i
T , 56 38 W BB I RE , (RIEA R SU SXHERT T s 15 7 X R A VR L 4B B Ol R
A, B B A A | AT 2 iy 1) “ e e A R 45

[FIERT, PRI Ay B A7 e e Ak 238 TP X ) R (4 55 2K, i A AR S 380, o 4037 1 1 R i AR 28k 2 5 R b iR
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PEIRDEE, 7 5 F 5 50 U] PRUE R IR B i AR )™ 5 DR 0] ol A 28 P 40 2 S B IX 3 Al R e R 1) 5%
Bt URATREZ M — DR R A P RIS e A 2 PR AN BOR AR A IX s 512, O IX AT R A g s e
IR FORN T A 25 T8 R S AR AR | 76 T TR AR A3 0 40 HEAT 4R BB AN I | AR A B AR 77 AR, 3 i 7 0l AL
RO SRR ol i R S5 SR
42 Z5ig

ASCEET A AU — TR , FIH Tobit B A RN B 34y 1 SR 4E 5 BEAN 2% HF L 37 ¢
FEAL S B MOl SR B2, A8 T Ha AL, R R EE T

(1) AR BE X BOP BORBCRAT B35 B G20 | TR 440 U RCR BT AR, X AR
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(2) FE R AR BE 31 o S BCHO R RS R T & BRI AL X R BCR A 2
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