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The Impacts of Climate Change Adaptive Behaviors on Livelihood
Vulnerability of Herder Households: Based on Field Survey in Inner
Mongolia Grassland Pastoral Areas

MA Mei’, HAO Ya-li, ZHANG Bao
(Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010010, China)

Abstract: Basing on the livelithood vulnerability assessment framework, this study constructed a theoretical
model of herders’ livelihood vulnerability. Using field survey data from 414 herder households in the pastoral
areas of Inner Mongolia, the comprehensive index method was employed to evaluate their livelihood vulnerabil-
ity. Furthermore, an Ordinary Least Squares (OLS) regression model was applied to analyze the impacts of
herders’ climate change adaptation behaviors on their livelihood vulnerability. The results indicated a correla-
tion between herders’ livelihood vulnerability and grassland resource endowments. Furthermore, adaptation
behaviors such as purchasing forage and increasing the number of days of stall-feeding were found to exacerbate
their livelihood vulnerability. Adaptation measures, such as selling weak livestock, constructing sheds, adjust-
ing livestock composition, and well-digging, had a mitigating effect on herders’ livelihood vulnerability. The
impact of grassland ecological compensation and reward policies on livelihood vulnerability exhibited a threshold
effect and heterogeneity. Based on the research conclusions, the following recommendations were proposed :
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creating a pastoral innovation network, providing climate-adaptive technical guidance, and establishing a
dynamic adjustment mechanism to formulate regionally differentiated compensation and reward standards.
These measures aimed to serve as a reference for the government in formulating effective policies to alleviate
herders’ livelihood vulnerability, enhance their capacity to withstand climate change shocks, and promote the

sustainable development of animal husbandry.

Key words: Herder households; Climate change; Adaptive behaviors; Livelihood vulnerability ; Grassland Eco-

logical Compensation and Reward Policy ; Threshold effect
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Fig. 1 Analysis framework for the impacts of climate change adaptation behavior of herdsmen on their livelihood vulnerability
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Table 1 Specific distribution of sample sites

B (T League/ HECED S FRAD FEA P Lt i)
City Banner/County Township/Sumu Sample herder Households/household  Percentage/ %

Rt I Y T i VLI 75 A Jiang”an sumu 32 7.73
Wulanchabu Siziwang banner T4 1 #% 97 K Chaganbuliger sumu 44 10.63
155 3 72 [ B Baiyinchao Ketu town 21 5.07
21 4% /K # A Hongger sumu 14 3.38
B I R R R S A% I AR R # Chogewenduer town 32 7.73
Bayannaoer Wulate rear ranner EL &7 51795 K Bayingiandamen sumu 24 5.80
5,38 5K Wugai sumu 4 0.97
K4 Fr 75 K Huogeqi sumu 11 2.66
I i1 #7 ZR 45 Hohhot Wendu'er town 12 2.90
AR A B AR H5 T Xilinhot F M IA Baoligen sumu 26 6.28
Xilin Gol e A A I 4 H FI% Zhurihe town 31 7.49
Sonid right banner FEN B H4E Saihantala town 7 1.69
FE M IR A Sangbaolage sumu 41 9.90
P 1 R I i 19,22 1 B FR K Wulan Halaga sumu 34 8.21
West Ujimqin banner [ W1 4F 75 K Bayan Hushu sumu 41 9.90
1 5 1 | #F 45 Shangdu town 25 6.04
Zhenglan banner F MR KB Sanggendalai town 15 3.62
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Table 2 Indicator system for vulnerability assessment of herdsmen livelihoods
B %5 LR RhRR 57E X MR
Dimension Category Evaluating indicator Indicator description and definition Weight
RBEEE IR TEHASEZLFW Temperature change in the past 1=HA B A ; 2="F (LB RN =B R A K 0.181
Exposure Climate change five years 1=Almost no change; 2=Slight change; 3=Significant change
AL T AR 8L A5 Precipitation change in the past  1=HEA WA A1k ; 2= B RN ; 3="B LB AR 0.184
five years 1=Almost no change; 2=Slight change; 3=Significant change
B4RE TR &AM A Drought frequency 1= ;2= Ak s 3= 0.044
Meteorological disasters 1=Decreasing; 2=No change; 3=Increasing
ThRER K Sandstorm frequency 1=F A8 2= 4k ; 3= 0.084
1=Decreasing; 2=No change; 3=Increasing
KE K AEHF Heavy snow frequency 1=RA%; 2=k 5 3= 0.507
1=Decreasing; 2=No change; 3=Increasing
U AES ek U REREMBPBIOVEFEDFMATERE =80 2=0E00 3= M 4= W & =% & 0.002
Sensitivity Disaster sensitivity  Impact severity of meteorological disasters on live= 1= Very small; 2=Small; 3=Medium; 4=Severe; 5=Very severe
stock production
LUk HURE 235 IR Economic status 1= 5 2= LU BEE  3=—fit 4= 1B s 5=k 2% 0.598
Economic sensitivity 1=Very good; 2=Good; 3= Average; 4=Poor; 5=Very poor
BE&H0 Capital gap 1=J0 ;2=450 1=No gap; 2=Gap exists 0.036
BHN P E S~ A RHIE) Livestock 40P & Bl MCA/SBICA Livestock income/ Total income 0.003
income ratio
23 I 71 Economic pressure HOPAE B SO /40 BOA Annual expenditure/ Total household income 0.025
2 N Social gift pressure —4E NEALA B (T 70) Annual social gift expenditure (10 000 yuan) 0.034
FHOl S K A Livestock expenditure pressure BRI AR BB (3R RO AR 40 B 2555/ 5 B2 BN Annual livestock 0.027
input (feed, livestock, veterinary drugs, etc.) / Total household income
AFHUERE AR5 AT S Non-Working population burden 555 ) 4 AT/ J 3 4R A1 (O~ 1R B4 BLED A B/ (15~60) A L 0.069
Population sensitivity  ratio Non-working age population/Working age population (0-14 and 64+) / (15-64)
BIFHF S AR G I Medical expense ratio R4 3/ % g B 3 Medical expenses/ Total household expenditure 0.083
Medical and educational
sensitivity HUA S I Education expense ratio HE T/ RE S Education expenses/ Total household expenditure 0.123
A NIIBEA FZHERE Education level of household head  1=/NERUF ;2=H)ih  3=m g ih % 4=k % ; 5=A# L L) I I=Primary 0.124
Adaptability Human capital school or below; 2=Middle school; 3=High school/ Technical school; 4=Junior col-
lege; 5=Bachelor or above
P ER B S 0=73;1=/& 0=No; 1=Yes 0.218
55873 LT Technical training received by household head (P % 155 8l J) A%/ % 2 5 AL Number of labor force/ Total household members — 0.023
F 5k ¥E 4 Natural capital AYJEIATEH Per capita grassland area (Hp %@E%Eiﬁ}ﬁ/\ﬁ'—%ﬁif?ﬁ&E—%Ei\)/%@,WJ\D Contracted 0.081
grassland area+Rented-in grassland area-Rented-out grassland area) / Total house-
hold population
W5 Y8 K Physical capital (X i R i 1 Livestock barn area FiT 44 0 £ 55 A0 BB T &Y Total area of housing and barns 0.094
PEETER AR Livestock inventory HOP A 9 % AR 40 Number of livestock owned 0.060
WG HE Z B 4L Diversification index of living — 1/(1-+A: 3§ & A 26) 1/ (1+Number of living facility types) 0.002
facilities
B A AU A 2 R AR B Diversification 1/ (140 BT & S0l AR AU R 2 A1 1/ (14 Number of machinery 0.158
index of livestock production machinery types)
SRITA FIENHZIFUA Per capita household income B A /R BE A BB Total household income/ Total household population 0.067
Financial capital
25571 Economic capacity REE B -FIE S 3 Total household income-Total household expenditure 0.002
A ML ZME Social network 0=EABMALT ; 1=HAMAB 0=No public officials; 1=Has public officials 0.150
Social capital KRG HE BB BRI Access to meteorologi-  0=1;1=4 0.021
cal disaster warning information 0=No; 1=Yes
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Table 3 Adoption status of climate change adaptive behaviors among sample herder households

SR I 38 B 44T R Adaptive behavior Ji%L Frequency i Fb Proportion/ %
) SE 4R B AL Forage purchase 402 97.10
A R 55944 B Livestock sale 281 67.87
B4 B 77 K EX Increased barn days 254 61.35
1% 7 H 18 Bar construction/ Repair 152 36.71
VA HEWEF 4584 Livestock structure adjustment 109 26.33
$TF Well digging 103 24.88

B 22 0 A AR AL S R E BUE AR B gl , 2k R
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BEAPEAT N o 8 BE Ak T3 T, A T3] 9 2 o 288 X A
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Table 4 Variable selection and descriptive statistics
e BRATR A E LR (g Pl
Variable category Variable name Definition and assignment Mean Standard deviation
Bkl B A 55 # Household livelihood vulnerability SCH BT 3 50 Caleulated value from previous section 0.113 0.122
Dependent variable
Bl R BN A G AR I SCHH BT 5L caleulated value from previous section 0.476 0.193
Core explanatory Comprehensive index of adaptive behavior
variable I 3K 17 FE B Forage purchase 0="4FH; 1= 5 0=Not adopted; 1=Adopted 0.971 0.168
BRI E Livestock sale 0= R ; 1=F L 0=Not adopted; 1=Adopted 0.679 0.468
$4 08 77 KA Increased bam days 0=A R ; 1=RH 0=Not adopted; 1=Adopted 0.614 0.488
{5 2 M8 Bar construction/ repair 0=AFH; 1=F B 0=Not adopted; 1=Adopted 0.367 0483
T E 454 Livestock structure adjustment 0=AFH; 1=FH 0=Not adopted; 1=Adopted 0.263 0.441
19 Well digging 0=AFI; 1=k 0.249 0433
P P 4EH Household head age 0= F4EE 605 LU E CERE) 1= F4FE 18~59 4 (15 4F) 0.848 0.360
Control variable 0=Household head aged 60 or above (elderly); 1=Household head aged
18-59 (middle-aged and young)
FTE BRI Household head health status 0={i 5 ; 1=845 0=Healthy; 1=Tllness 0.176 0.382
LM 5E KA Number of friends and relatives 2 R MR AE KA Number of frequently contacted friends and 37.423 30.416
relatives (people)
FH LB Livestock diversity WP SR % 26 BUAL Number of livestock types owned by household 2.005 0.864
WA ZHEHE Income diversity WA FZE Number of income sources 3.068 0.615
k53 2B Housing diversity O=A B 7 5 1= 40 HOK AR A 1 0.384 0.487
0=0nly rural housing; 1=Both rural and urban housing
DI £ 25 DADSF T HEH o FR AL 1=1 B4R 1, 0=3{ b 1=Wulate rear banner, 0=0ther 0.200 0.401
Regional dummy Siziwang banner as the control group 1= R HAHE,0=1fl 1= Sonid right banner,0=Other 0.191 0.393
1=IE i1 ,0=Jf 1=Zhenglan banner,0=COther 0.097 0.296
1= b4l 0=H Al 1=Xilinhot, 0=0Other 0.063 0.243
1=74 53D, 0=J{fll I=West Ujimgin banner, 0=Other 0.181 0.386
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Table 5 Survey of livelihood vulnerability of herder households

Jif5 55 1% 43 41 IX [A] Vulnerability distribution interval A5 AL Frequency i kb Proportion/ %
[—0.161,—0.050) 21 5.07
[—0.050,0) 38 9.18
[0,0.113] 165 39.86
(0.113,0.610] 190 45.89
&1 Total 414 100.00

x6 FHBPETRBES R GILER

Table 6 Survey of distribution proportion of livelithood vulnerability of herder households

W 53 200 DX T B o

BRREE LR

ELSE

Vulnerability distribution interval and proportion/ % Wuldterear  Siziwang jﬂl? i i %mﬁ a ﬁﬂf%@?im’g
banner banner  Sonid right banner  Zhenglan banner ~ Xilinhot ~ West Ujimqin banner
[~0.161,—0.050) 241 2.70 7.59 7.50 0.00 9.33
[—0.050,0) 8.43 1.80 7.59 10.00 30.77 14.67
[0,0.113] 45.78 34.23 40.51 32.50 50.00 41.33
(0.113,0.610] 43.37 61.26 44.30 50.00 19.23 34.67
A E B B Effective surveyed households 83 111 79 40 26 75
RIS 5 e Proportion of households with livelihood vulnerability/ % 89.16 95.50 84.81 82.50 69.23 76.00
He 5 #E1(E Mean livelihood vulnerability 0.108 0.166 0.106 0.103 0.059 0.074
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Table 7 Statistical results of livelihood vulnerability of herdsmen

L2424 Wulanchabu [ Z ¥R Bayannaoer

BARER 4 Xilin Gol

o M E o A5 FRRFAB WMORBLBS BHEET E&N
Siziwang banner Wulate rear banner  Sonid right banner West Ujimgin banner ~ Xilinhot ~ Zhenglan banner
5 ¥ Exposure 0.761 0.625 0.549 0.602 0.595 0.579
HURME Sensitivity 0.314 0.311 0.434 0.376 0.332 0.393
T R ) Adaptability 0.231 0.275 0.327 0.417 0.456 0.359
A G Livelihood vulnerability 0.166 0.108 0.106 0.074 0.059 0.103
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Table 8 Benchmark regression results

A8 i Variables

(1) Model (1) T (2) Model (2)  7(3) Model (3)

NPT £R A AR AL —0.087
Comprehensive index of adaptive behavior (—1.934)
1% 0 i AL I KA B L Forage purchase 0.1117 0.104™"
Core explanatory (9.310) (6.790)
variable 4% 2 599 Livestock sale —0.010 —0.027™"
(—1.540) (—4.753)
1400 B 3% KL Increased barn days 0.155™" 0.131"
(8.279) (9.229
& # 4 F Bar construction/ Repair —0.014" —0.023"
(—2.285) (—3.7348)
VI HEWEF 2458 Livestock structure adjustment —0.006 —0.020"
(—0.489) (—2.212)
Ik —0.029™" —0.037""
Well digging (—4.72D) (—4.953)
2 A8 J1 FE A4 Household head age —0.040™" — —0.029""
Control variable (—3.996) (—4.996)
J F fd FE R % Household head health status 0.014 — 0.001
(0.512) (0.089)
SE A5 KU Number of friends and relatives —0.000™ — —0.000"
(—2.590) (—2.244)
FEIMZ FEPE Livestock diversity —0.019" — —0.013"™"
(—2.627) (—4.20D
e A Z#EE Income diversity —0.012 — —0.004
(—0.909) (—0.432)
1 53 Z ¥ Housing diversity —0.040™ — —0.012°
(—6.541) (—2.096)
L HE 48 5 County/Banner dummy variables L ¥l Controlled — 2424l Controlled
i #0 Constant term 0.339™ —0.069" 0.089
(5.817) (—3.628) (1.637)
FEAR i Sample size 414 414 414
FREHAH F-test value 7.21" 87.03™" 39.60™"
R* 0.177 0.562 0.630

W55 R (g i o, e P<<0. 01, ** P<<0.05, * P<<0.1, F[A
Note: Robust t-statistics in parentheses, *** P<Z0. 01, ** P<Z0. 05, * P<C0. 1,the same as below

S S AME R o R, bR T AR A R T AL A
KAEFNAMEPERY N AEZE SR . iR 9B (D] 55
— B Bt i e /NVREAE A S 3 i R 3959. 93, KT 10,40
ot 7 AE 55 T HLAR 57 SRR A 2 Staiger 55709
5% 45 1, 2% B A SCORE Y 38 2o 55 TR 00 K 56 5 A STy
AR 5 AR BN BORAE DR AN R 47 3 B2
i 55 5 chi2, F 48 45 & P YK T 0. 05, % W] [l )9 4
TR A N A ) 80, 422 of P 86 04 AT I O LS A5 7Y
(AT JF 2 k43 H -

2.4 HEMRRE
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BIR B9 5 B0, o 2R T e s PERUE /N T 506 23 L %K
(1) E 6 5 O 504 0 0 BORIE, R T 9506 73 (30 B i
JEHE Ry 9500 Sy AL (B . 45 3R R BB (5D A%.0 i
FEAR R 0 5 1 5 R BT 5 5 R (3D B AR — 2L,
UEW] T e T 45 R R P (R 9 0 RIUTHUT R
i 78 A 3 IO R AT A Ok A e s A B AT S R
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Table 9 Endogeneity robustness test results

AF & Variables BRI (4) T HAZ 7 Model (4) IV method  #iHI(5) 421k Model (5) Winsorization method

W4 S 4 558} Forage purchase 0.106"" 0.046™
(4.641) (2.337)
B 59 HE R Livestock sale —0.027"" —0.023™"
(—3.15D (—3.158)
B4 T B #: K HL Increased barn days 0.133™ 0.128™
(13.302) (14.923)
&7 Bar construction/ Repair —0.023™" —0.0217"
(—2.661) (—2.851)
VL & 454 Livestock structure adjustment —0.020" —0.015
(—1.965) (—1.792)
T3 Well digging —0.036™" —0.036™"
(—3.421D) (—3.959)
a4l 28 £ Controlled variables .5 Controlled L5 Controlled
T Constant term 0.023 0.1217
(0.687) (4.085)
FEA HE Sample size 414 414
Wald {f Wald value 704.960"" —
F K5 F-test value — 46.717
LR K% {8 LR-test value - -
R’ 0.630 0.667

2.5 HREAESHMEBRERPSETLIBENMEST
2334 A it B 55 1 22 Wi H R 1 A RS 4 A

2.5.1 NM#HAEAEERLER AR Bootstrap
J7 % BT A% PR A R A A 1R S B, fn 3 10 BT
N B JEUAE 2RI 42 OSR E B0P ARE AR Ab TE N PEAT

R R S G TR — AR 5, FLYE 1% M Gt
K3 TTARE IR B0 A 9. 180, B T4l {5 & 9694
JG , e W T 5 A 25 b 22 UK TR B0 M AR AR A
PEAT S %t 2R F ME 55 M S m AE 7E R — 1) A
RN o

F10 BRI ER
Table 10 Threshold test results

A AR i [T A% [T EliR=27 € Bootstrap 95 % {5 X JH]
Threshold variables Threshold number ~ Threshold value  Sampling count P value 95% Confidence interval
i J5 A 2 A R LT 9.180 5000 0.001 [8.880,9.420]
Grassland ecological compensation and Single threshold
reward policy pERRES — 5000 0.993

Double threshold

2.5.2 NMAEWBEEAEZRSH HEILHERG)
FNCT AT N, 28 ] U3 A4S 750 5 1) A [T 01 A8 76 2% 0 fig
RS B 0 25 MR AL T R AT R 2, i —
R A SO T EE R A AR M . B — AR A R AR
it D A S D B B UK R AR P A SR AN TR X
[, 24 5 A 2 kI 42 4 Ak T O [T DX ) B 4K
PSR AS A3 AT SRy ot H A 3 G 55 M 5 i A A
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SR 7E AR PO S AE 1% K R ONIE. Hid,
20 A AN R 00 R R T A B (q>>9. 1800, 1
SRR A T 2R B 0. 071 #2520 0. 128, PR 5
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15 T 9694 JTI , BOP 7 J5 51 P AT BE 23 5 AR
A A D B BRI A T 4 ok g S ) R N X AR A AR
b, e = S 3 R A Re gk AR iy R sh
BRI AR LT 50T X Al BB H0OP 445
HEKRW S A H s Z R A R, 25 R
A S AN T R A e B P 3 RO A 1
it 55 M 2 e A A R B0 0. 1509820 % 0. 119, B3
TP % R BRI 0P S A A R R AT Sk ke L AR T
Jifi 553 1) 52 i oy A I 55 0 B R A S R 2 4
iR T 9694 JT 1Y P 3% s S A3 1 AT O S it



%7 O

A ALAY & AT Dby X A 3 Mg 55 1 A 5 TR A S

2657

A R 1 RE BUAS 5 55 Bl g BUAS 5 T i 22 o g FE T
Ko 2RI 4 4 i e D A (R AR S A K A
8 38 o 2 412 ol e P T A S Ml SR R B O A R Y
i it ke o X A AR AL . FE AN S AR T 9694 JTHT
16 32 10 BB 3 — 33 o2 AT o AR TE R BOCH IE R
F AR Y B A S RN R s R I E S Al
FRBAE 100 KT 1 2k i, R WY B AR AR R 4
BT 9694 T, 23 41 filf 450 P SR B A 22 00 Y o < f
A Ak M AT SRy Sk H T JHE A ke I xS AR Ak 1Y g
F1 B A T M S5 1 o T A R R T IR
oA W PR A T A A B A AN R A IR T 9694 JTRT
FE % 2 i A0 A T 55 7 L AH 5 & T T TR A 9694 0T
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W, AR T AW o JC PR AT B i D A 2 b iy
SN T 9694 TTI , BE g R T U E Ol A
O R, AT I DR BEAROK Ak F A R R B g
i Bl I, BE W6 B4 B2 T O IR M AL Ak 1Y fE

X T i AR AR B G U T 9694 TT Y M SR U, BE
<G AT RE 23 U 1] oA P 2t , 40 g S8 BE A 1 AR A9 TH
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Al 7 A T S P AT SRy 6T A G 55 P B R R AN T
H1 LB 23 A R e Qi A 2 R 2 R A R AR
P TE IS PEAT D AR T A T 5 P B4R B A T
RONE AR U 2 75 DL IE

14 =] Y9 25 R

FERI(3) OLS
Model (3) OLS

=N
AR

Variables

FERI(6) q,<<9.180
Model (6) ¢;=<9.180

FERI(7) q,>>9.180
Model (7) q;>>9.180

i) K4 5L Forage purchase 0.104™
HAE 255 9E F Livestock sale —0.027""
14 i 8l 37 K%L Increased barn days 0.1317
& 341l Bar construction/ Repair —0.023™
18 5k 75 45 ) Livestock structure adjustment —0.020"
F19F Well digging —0.037™
i 25 1 Controlled variables £ 4214l Controlled
# B3 Constant term 0.089™

0.071™ 0.128"
—0.013™ —0.040™"
0.150™" 0.119™
0.004 —0.031""
—0.041" —0.013
—0.066™" —0.017
2 44l Controlled £ #% 1l Controlled
0.132" 0.075"

EIRBFTEEEIE AR, R AR 2 A 2B X O
AR A T AR AT O AR T A T A 0 5 T R
A TR SR, R AT RE A7 78 A A PR R, AR SR 2 E
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MEMRIBER
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AL b
Variables

R (8) q; <<9.180

BEHI(9) q;>>9.180

Model (8) q;=<9.180

Model (9) q;=>9.180

) K 1] K} Forage purchase 0.071" 0.126"
A 39 HE R Livestock sale —0.014" —0.042"

B4 T P8 #7 K%L Increased barn days 0.150"" 0.118™
& 7 M 8l Bar construction/ Repair 0.003 —0.030

R PE 7R 458 Livestock structure adjustment —0.040 —0.015™"
FT3 Well digging —0.065" —0.017"

FE 48 B Controlled variables E 451 Controlled CL4% il Controlled

i #45 Constant term 0.114 0.042
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