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Abstract . Spatial layout for coordinated regional development and its coupling effect is an important proposition that cannot
be bypassed in the modernization of territorial spatial governance, regional ecological protection and high-quality
development. Based on the data of 146 pastoral interviews and 21 management surveys, and combined with satellite remote
sensing data and literature, this study compares the historical origins and development of grassland animal husbandry in the
Qilian Mountains, forage farming in the Hexi Corridor (or Gansu Corridor) , and herding households’ livelihood strategies
from the perspective of “production-living-ecology” space. Under the guidance of the ecosystem service flow theory, the
spatial linkage of the Qilian Mountains-Hexi Corridor coupled agro-pastoral system is deeply portrayed, and the conceptual
framework and development model of its “conjugate” ecological pasture is interpreted. The research shows that: (1) Since
the implementation of the grassland ecological award and compensation policy in 2011, the vegetation coverage in Qilian
Mountains has increased significantly ( P<0.05). The livelihood diversity index of traditional pastoralists and eco-migrant
pastoralists is 2.22 and 2.69 respectively, and their livelihood capacity is vulnerable. The basic livelihood strategy for
herding households to implement dynamic balance of grass and livestock is to purchasing forage, forage breeding, artificial
grass planting, borrowing grazing from other places ( straw supplemental feeding) and transferring grassland, through this
grass storage balance model to achieve the Qilian Mountains grassland animal husbandry from over-grazing to “overload but
not grazing” leapfrog development. (2) The mountain system of the Qilian Mountains overflows ecosystem services ( fresh
water supply) to the oasis system of the Hexi Corridor to support the development of its forage planting. Meanwhile, the
forage cropping of the Hexi Corridor provides high-quality forage for the grassland animal husbandry of the Qilian
Mountains, which forms the “conjugate space” between the mountain and oasis. The “virtual grassland” grass storage
balance model with external material and energy input pathways organically links the animal husbandry system of the Qilian
Mountains with the agricultural system of the Hexi Corridor, bringing into play the ecological functions of the Qilian
Mountains grasslands and enhancing the ability of pastoral households in the Qilian Mountains to maintain sustainable
livelihoods. High-quality development of ecological animal husbandry in the Qilian Mountains is maintained by
reconstructing the multifunctional “production-living-ecology” trade-off mechanism. (3) The mountain-oasis “conjugate”
ecological pasture includes three sub-systems: grassland animal husbandry, forage planting and " virtual grassland",
building a multi-dimensional coupling, virtual-real integration and co-existence between sub-systems, realising the Qilian
Mountains-Hexi Corridor “conjugate space” agro-pastoral coupling system of resource sharing, complementary advantages
and benefit linkage, is an iterative innovative ecological pasture development model explored according to the laws of nature

and economy.

Key Words: conjugate space; grassland animal husbandry; forage planting; virtual grassland; ecosystem service flow;

Pastoralist livelihoods ; ecological pasture

s R A A S R R I A A R R XA 6 R B A BB A 148 . M L b D e
F Ak, BT IRI)  hy H as ) A ERAR As B] (RTAR S = Az )7 ) (e A 7 s e 4R 2 i A A
[ NE W v £ A et T T N 1 5 3 ) ) B e L1 U B I R S B LI R DG S
B ZHMNE IR G A IS M RE A 2500 fE < LA SO IS T |90, AR S HEE R
BTG IS AR AL A IR 3 R b PR AP SO 5, R < A =R WE AR ST 2R H K H 25 2 3
AL SHETBIURI BIR]  3t E8 94 A 2500 A 7 T e, X TR e b (R A 5 AR AR Ak 22 ] 194 e ST e 5 B AT B R
S HET A RN A S RGBS BRI ST USRI A UL, TR AR 0803 e A S N TR 2
B HIRERIE . WAEBSBEASCHEMME A DI 2 h 2, HAR R R G 2 2k
PN YR N SCHESERRE, SR AR S IR A B b AL AT IBORE & R BSR e R AR LS R A S0 )

http ; //www.ecologica.cn



21 4 Toak A -2 - SR A 2SO S IR LSRR 5 R A s —— DA L X g 1 8919

LA WA 25 R GRS IE BN THe 5 Y R R S A SR B B, YR ISR S YRR
B HT TZ it Ak, 5 A A P [R] s TR] R By 58 BEJR DT L Sk 2 e SPERRAETE DRI, 3R R 5 4k
A= 25 DRI B R 2 B AR SR TR

AR L3t DX 255 0 e PRl B oK S AR AR TR, R R K IR IR AR S T RE X M [ R AR
5 B, X AP T e S A A ST DU R R N AR PR BRI T Ml DX A A A BT R S, ARl
MR AR AR I A AR B L 3 A ST SRR AR IR B AT S A A K FORE AR B L 1
G5 I VU R SR U R S L ok | S RV JRL A 32 -3 PG R A A PR ER S A AR L Ll FR G AN
VHE R &R I R G 25 (M D RE ARG, 725 (4540 L2, Je— AT WA EL AR A9 52 s BT, T3k 2R
— Sk IR AR X, — K BB TP E A X i o A A R GE R 55 WiV ALl M B T — ML g < e =
(6] IS 1Ly -90] O B L () 57 T e [ i = B 0 S 2k T T 58— B 1) 5% e e 8 DX,
oS RGN | RG22 ST ERIANE G VR R B SR AR FR s U HE 2 AR FA U 2 AR AR Y
SRR DI, R TT R A R GRS SR 5 S i R T ST O R AR BT, AR S A0S 32 1 -] G A JBR Wb )3 B A 25
S, BT E I M-SR ILPE R A 25 i R U A, DL o R e R 5 A 2 P R BB R TR R 5
BAESR S b 7 B Al UL, IR FIER R AR L IX R i A 25 R A 78 B AU P13 () R 5 280, 7 B
TR A B i e M BRSO P R BRI P B s TR 3 AR $HE R A 5 2R i AR 8 P R R o o A R
JI A P~ AR AR ] s ) R A0 TR BB A B2 i

2017 AFARE L AR S PR (R RGOV, A IR AR LT T lLBENG " iy &k (& LB T, AR AR 25
PRI 1 BB TR DL T A S IR S A B T ARG L A2 3 A B E  . H
R, PR A L DX R i 2B 25 D RS A ™ S8 AU DI ) B A, 3SR AR L DX 3 1 A L 7 Ol T 58
Ji  HETE R — B X R | 2 B S AR 1 1L A 25 PR AP S SR 2 B UM B TAR RS BRI 5
b8 S TR0 R erab L A B R 7y e Y o 11 P e e e 115 Rt Ko L] M 7 K L L RN S
25 (RS IARAL 45 S DX & SOV AT B0 TR AR A B T R A L e MR R s A 25 U I P I
HEZRASE AR, TR, AR IS T AR LT PG g« M2 )7 245 R AT, 256 WP DR S BRI 1 R 0F ¢
BHEUE T, A SRS B T AR LU -T0] P8 R A MO 5 R G 2 7= AR I AR 25 22 R 2 ) SR B9 A 5
Gyl , NS R BE T AR S R GRS e 15 T T AR LU -30] P g - ILPE R AR S MO e R 5 A
B, ARBFFET I REAU RIS B A D A L M- i s (0] Al PIp ] ) B B2 220 B sl i = J AU 55377 1
FR ORI V4 7 JER 2 N ) B R ST AR T L L 2R 2 R G 55 < UL AH 2 A ML R ok, s A 2
14 Jep el o B Sy < I A, LU O SEBLR 2 RGURE G 0 5 25 SR T 5 | R B AR 25 Bl )3 B 7 56
FEAEBEE AU S BIR R

1 HARMKEARFTE

1.1 BOP DR A BT R 0T

ARG K S5 R AT PEAS J5 7% (Participatory Rural Appraisal , PRA ) ") 2 25 ¥ D5 1R 7 =0 e 47 4807 I
B0 B SR 0 SR 2R i R U A TGRSR ), TR 2022 4F 1 H 21 HE 1 H 24 HEERHL
JCE B R BAO AL XA T IORAT, F 5 KA B AR BUR S BN AU T R, TE UG BIEEE Al A8 E T B 49
AR, F2022444 H27 HESH7H 6 5 HE 6 H 14 HAFWRAR JHFE AL A8 115
TR DX A O A DCHEA T U5 iR I A 30 e SR SRR AL A AT BB R, (RS R S48 AR 0 ol
BVEREAT R ) MRS A B TE . BU ViR 2 NGO RUEE 1 figp 408 32 Lm0 b 3 A0l i Je BRUAR B R st O 17
PRI TR BN RS 1 AR 1L A= BB 55 7 otk K i R AR T 5 R U OR AP R A A M A
it S SR LA O DR RN BT TR B ARG UE Gk Ik K AR K A NAL 8 O SR S OR R
BB m TR A O AR SRR — b7 Dy SN R TR YIS A GRIE T USR(E B AT SR

http ; //www.ecologica.cn



8920 xR 43 4

O DRI U 146 473 |3 3 %) ) B AT 4 B0 S50 R S0 5%, LA IBUA 280 m) 48 133 40y, A7 8808 M 91.10% .,
)i, PR JE R IR £ (B8 BURF ARE R ARBUR B R el A5 B4y Jay A 245 ol S 8 B0 1 )R T BB 3k 21
W, NP SRR TAEM 2 () K R Sk T3 820 A8 BN BRI f 5 w0 JR I A 3 8 X AR
N FEEOPAT AR AME RN AR XS TR LR AR
1.2 WA St Vs 5 Ak 2
1.2.1 i ZAbIEEL

WA TR IR (D) TIPS AT 2RO . RO R AR T TG SRR, A0 SR R
T E O BRRSS 2 A TG 3h, WA T2 RE bR S (D) o 2, A RE kIR EO TR AR Y

b-l3a

X, d, N L NROP AT SRR, n NSRRI B ANMARRL, D ONIZSSRIBOT B AT R R R
1.2.2 FEBCE SR

ARG 1 T B4 AR AP M 00 3 SR Bl Ay 9 ) R M4 K sy MOD13Q1 il 7= i , B E] 4338y 16 d, %5 1]
IR 250 m, BFFEIN Bl 2000—2021 4EAE AR ZR(5—9 ) o e MOD13Q1 #ds A7 A% U 6 4%
SRR AL HE ; AR 5 R R KAE A 2 ( Maximum Synthesis Method , MVC) , 71845 24F NDVI B} ¥ 5085 ; i
Ja MG C — BRI AR W 55 % (Fractional Vegetation Cover, FVC) , 78 56 B A A R,

(NDVI-NDVI_, )

" (NDVI,,-NDVI_,)
2, FVC (R M 5 5, NDVI 103 H A-f%0C NDVI,NDVI IR E T WS ITH NDVI i ; NDVI,, 1R 4k
W50 NDVI A,

FVC

2 RREXZATERATHRIEER” EEHIHIRE

2.1 RSP AR A L i & POl A AR A S

KA F I B AR B #E YA B AR A% LU B 5 e TR AR, 2 ARG L X AB G Ol R B vk
S AR AR AN B2 IEUR , KA R R SIS S 5 R T EE (2011—2015 47 2016—2020 4F) B A A5 4%
A&, H AT =42 (2021—2025 4F ) B AR SRR BOR B 2805 sh A . A AR RN R AR S
KA, KA N FE AT R FH B3 1 B30 4 3914.07 km® A1 13946.00 km®, 544 X T AR &5 HE 4 31 R 27.25% Fil
32.12% , ARG B30 2.78 hm® F153.44 hm* (3R 1) o 4 A7 ) RS540 2 AR 0K B B - 1K, X4
WO D 25 T 3 2 I By %o R S R B AT il R B T RO R A AR P R T R AR R A SR A
A

F1 PELHRABB B EFRPIRBEREFARGEIT (HF 5%)

Table 1 Grassland area statistics of typical grazing counties in the Qilian Mountains under the ecological protection supplement policy (second

round )
AT R 5 T AR o - [P
Ak I . AR
R Available grassland area/km? m'*]%lzﬁ*" He sz]Flj\ Df }\PJ ! ﬂﬁ*"
X P roportion opulation o er capita
AT . P IX azi seholds
Administrative regions BRI X of grazing households/ grassland
. X Grass and livestock . o 5
Grazing forbidden area prohibited area/% persons area/hm
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Fig.1 Spatial and temporal changes in vegetation cover in typical grazing counties in the Qilian Mountains
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Table 2 Statistics on changes in vegetation cover in typical townships in the Qilian Mountains pastoral area

AR A AR
Available grassland area/km?
fi i g PETEK L EREH weE
fowns Grazing forbidden grass and Vegetation coverage/ % Coefficient of variation  Changing rate/a
livestock
area balance area

MEF e 84.50 146.40 2000—2010 4F 76.19+1.57 0.0206 0.0671 >0.05
2011—2021 4 78.65+1.30 ! 0.0165 ' 0.3026 ! <0.05

g4 0 216.97 2000—2010 4F 70.1242.19 0.0533 0.4097 <0.05
2011—2021 4 75.08+1.36 ! 0.0349 y 0.2630 ¢ <0.05

E# 2z 145.85 211.57 2000—2010 4 64.43+1.34 0.0209 0.1694 >0.05
2011—2021 4 67.69+1.25 ! 0.0184 y 0.2417 ! <0.05

FiSudies 165.33 115.85 2000—2010 4 53.76+4.05 0.0753 0.1005 >0.05
2011—2021 4§ 61.28+2.48 ! 0.0404 y 0.4497 ! <0.05

S 0 2046.00 2000—2010 4 65.31+3.48 0.0533 0.1898 >0.05
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2011—2021 4§ 58.61£2.27 ! 0.0387 ’ 0.3241 y <0.05
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2011—2021 4§ 61.3122.31 ! 0.0376 y 0.3940 y <0.05
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Fig.2 Illustration of the commercial forage export pathway in the Hexi Corridor
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Table 3 Livelihood characteristics of pastoral households interviewed

S e FEENEL TR AE R ABEIA
T - Quantit /ig whold Population of Livelihood Per capita gross
pe uantity7househio households/ persons diversification index income/10* yuan
GO 7 Traditional pastoralists 112 4.44 2.22 3.2755
BB RS Eco-migrant pastoralists 21 4.38 2.69 2.1494

232 RPURRPLA R AT B F A IR A fol0 18 A i B

BTV T 5 - BOR 20 T W (36 4) |, W BEAR% LI X AT 4R R A A i, 2021 AFEHEF P
A DX ] R R SR S R A T HENE R L B0l A Aol B OIS C B0l T DB AT R R R 2
KA 76.00% 11.50% 66.06% F1 180.05% , iX 5 7k AR5 BT A AR L KR B AR R A 149.22%
4 A BRI, oA T SE B 3 ShAS P , 0™ 5 B ad W SRR 2 1 R S A N T RP B4 22 o0k
AT RS TR IR AR 7= ) A E g AN AR AR, 1T B AR R A T AT RS R R

R4 BEYPERDNSTFEHETRRE

Table 4 Livelihood strategies for the dynamic balance of grass and livestock of the typical pastoralist

T WS TS F & 573 Dynamic balance of grass and livestock
EIR L .4 N "
[ R 7 LA TR PNIR
WA P T Theoretical Actual ) Forage breeding TR SIS Artificial
- . Available . . Overloading .
Typical pastoralist rassland carrying carrying rate/ % IRt p Transfer Borrowing grass
g e . . 0 il F .
° ) capacity/ capacity/ Forage At grassland/hm? grazing/hm? planting/
area/hm sheen uni h : Fodder/kg 2
sheep unit sheep unit grass/kg hm
4 1A
f?ﬁ%ﬂ[ﬂk)ﬂ . 220.43 425 748 76.00 20000 15000 — — 0.60
Traditional pastoralist A
4 B
ff?dklp roralist B 117.12 226 252 11.50 15000 10000 27.14 — —
raditional pastoralis
A(‘ C
f‘;%%ﬂk)ﬁ’ . 56.55 109 181 66.06 28000 10000 — 134.00 —
Traditional pastoralist C
L5 D
,{; ZELHUI/‘]FI woralist D 49.45 95 267 180.05 46000 10000 71.42 32.56 —
raditional pastoralis
EEHRS — — 37 — 4320 3700 — — 0.27

Eco-migrant pastoralist E

MABTTHOR PR A B 3) 80P B R A& O A MU 0 A= TSR 2 2R ANl kL N TR R
R JEOR S AR (R FEAN]) S5 et s A A . o, 2021 ARALGeinll o A 2588 R rh Rl
BB LB 535018 100% F1 61.90% , e GE il FIAE 258 1 AN REREE- 2 521 73518 2.83 J170/a Hil 3.07
Jiot/ a, @SB RE S A A AR BB 57 40 S A P BRI IR, M T R R R, O O AR TR
W B A R RS . B3 7 OISO B G AR B 2 M MO AR TTRE I FIAR 5 B W & A A B A R
BRAR B RBMAIKY- . 1983 45 A7 21 7 B SR A , A0 L DX R A 0 5 8 RS AR AR R A
AR R BT T B A RO ELA [ E R R RO T R AN A e, T AR R R R e, 2
HEL T SRR BEG  BAR R — AR A AT RFZR i A3, 2011 AR AT R as P IR UK, Al 0 TR D
AU BL IS 2 A A [ W AR IR DL T KGR AR M D AR 4R i 1 S bR o, O
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Fig.3 Statistics on purchased forage and artificially planted grass by the interviewed pastoralists
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Fig.4 Statistics on the dynamic balance of grass and livestock in typical townships in the Qilian Mountains pastoral area
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Fig.5 Typical patterns of pastoralist livelihoods in the Qilian Mountains pastoral areas
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Fig.6 “Conjugate space” regional system of the Qilian Mountains-Hexi Corridor
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Fig.7 Qilian Mountains-Hexi Corridor “conjugate” agro-pastoral coupled system
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Fig.8 Mountain-oasis “conjugate” ecological pasture model
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