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Abstract: The transitional zone between the Loess Plateau and the Qinghai— Tibet Plateau (LP—QTP) has be-
come recognized as a region with one of the most sensitive and fragile environments in China from an ecological
perspective, with high susceptibility to climate change. Agriculture is important in the region and energy sup-
ply is the driving force for sustainable development of farm structure and function in agricultural production
systems. and is an important indicator for measuring the ecological and production benefits of agricultural pro-
duction systems. In this paper, a Tongwei (TW)— Weiyuan (WY) — Xiahe (XH) transect was established in
the LP— QTP transitional zone to analyze the energy output of agricultural production systems on the altitude
gradient (approx. 2000—3000 m above sea level). The results showed that: 1) In crop production systems the

energy input, energy output, energy income and energy efficiency decreased from the LP to the QTP. When
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the farmers percentage accounted for 50% (as identified by logistic regression) , energy income of farms in TW
and WY were 104. 80 and 44. 59 GJ, respectively. 2) In livestock production systems, the energy input per
household was the highest in WY and lowest in XH. Energy income of XH, TW and WY were 160. 42,
—47.43 and —55. 25 GJ, respectively. The energy output, energy income and energy efficiency all progres-
sively increased with the altitude. 3) In crop-livestock integrated systems energy input ranked WY >TW >
XH. while energy output, energy income and energy efficiency ranked XH>TW>WY. The threshold of ener-
gy income of XH, TW and WY were 91. 54, 16. 50 and 76. 98 GJ, respectively, when the farmers percentage
accounted for 50%. The point is most sensitive to energy changes, and regulating energy behavior can maxi-
mize the benefits. 4) The Shannon—wiener diversity index, Pielou evenness index and energy efficiency of the
agricultural production systems were significantly correlated (P<Z0. 05). The structural equation model indica-
ted that altitude was the most significant factor determining energy balance of crop-livestock production sys-
tems (P<C0.05). The results provide a scientific basis for agricultural production development and policy for-
mulation in the transition zone, based on system energy balance.

Key words: grassland; crops; livestock; system coupling; energy output; agricultural diversity
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Table 1 Natural and social survey of study area

i H Item 4 Tongwei H R Weiyuan K3 Xiahe
{3 # Location 34°55'—35°29' N 34°54'—35°25" N 34°32'—35°34' N
104°57"—105°38" E 103°44'—104°29" E 101°54'—103°25" E

W Altitude (m) 2032 2311 2930

A Climate type TR N R e KR S T R Bl 2 R A o5 JE R B P A
Temperate continental Temperate continental Plateau continental climate
monsoon climate monsoon climate

AR IK Annual mean precipitation (mm) 380 500 530

AEY)R IR Annual mean temperature (°C) 7.7 5.7 2.6

=0 CHEMIE =0 C accumulated temperature (°C) 2900 2679 1810

1 B Humidity 1.6 1.9 2.9

T FEH Frost-free (d) 160 135 56
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B FE 2R Rangeland type

Tl 85 Y Y7 % b
Cool temperate-humid for-

est steppe

AR TE AL Arable land area (hm?) 115. 39
H U AL Rangeland (X 107 hm?) 60. 67
MW EAVEY R AE H 9] Planted ratio of grain crops (%) 73.9
Z2 VR W) RI R L £5) Planted ratio of cash crop (%) 14. 8
) AR IR EE ) Planted ratio of forge crop (%) 11.3
NP B AERE B Per-capita livestock inventory (sheep unit) 1.28
N2 AL HE Per-capita sheep for sale (sheep unit) 0.15
N4 R Per—capita cattle for sale (sheep unit) 0.01
N5 R HL Per-capita pig for sale (sheep unit) 0. 40

B RO R G2 Type of grassland agriculture

EHREY —KEFE RS
Classically integrated crop-

livestock system

ol 85 Y Y % b
Cool temperate-humid for-

est steppe

EGNEY/ RAFE M — K&
224 R 4t Classically inte-
grated crop-livestock sys-

tem based on rangeland

FEV W = 1L ) 26
Frigid perhumid rain tundra
alpine meadow
11.33
502. 67
50.0
28.5
21.6
10. 79
7.07
0. 33
0.11

KIRHE W — K ERGE
Integrated system based on

rangeland

1.3 AR H

RRAEAC A7 RGER AT B8 T 1 IR AR 24 L AL 25 BE 8 AR KM ] S L e A B A e i

H (energy, EN), TTEARXIT .

EN = > (EN, X A

)

X EN; Y ¢ i A BE B A 0™ 5 AL SAEY) ¢ B AR AR
REE IR = /A
REf M R = — A

TR R R AR B = T SR RE /N T SR A
A AR RE AR A T A HUAC ) L FE s A AT R AR A WAL L UE A 2 DL B IR A . RS IX R R SR A

X, A SRR T

K M RE R BOA 2™ = 1A B e+ BEAE
GRET RS FKEHMY AR NE DY S XEND T REZ MRS, 3288 R T A

R BIHAF

K2 BASGFHMEE

Table 2 Energy coefficient of input and output

HH Ttem T Seed #7535 Grain FEFFE T % Straw or hay
44 % Potato (M] « kg™ 1) — 16. 89L26] —
K /N Winter wheat (M] « kg™ 1) 13, 750271 17. 9027 17. 990271
B Alfalfa (M] « kg™ 1) 108, 820267 — 17. 56027
K Maize (M] + kg™ 1) 104, 6527 18. 26127 15. 22027
i€ Rape (M] *» kg™ ) 33. 30028 28. 3028 18. 4028
B Flax (MJ * kg™ 1) - 18. 60027 _
K& Soybean (M] « kg~ 1) 33, 490261 16. 831261 18. 30(261
## Pig (MJ » kg™ D) 21. 90027 — -
F Cattle (M] « kg™ D) 13. 8827] _ o
¥E Wool (M] kg™ 20. 90827 — —
7 Lambs carcass weight (MJ « kg™ 1) 11, 01L27] — _
iz #ii € Transportation (M] « kg™ 1) 8. 8oL27] _ _
WM Mulch (MJ « kg D 51. 88271 — _
W2 & — % Ammonium phosphate (M] * kg™!) 62. 40L27] _ _
% JE Phosphate (M] « kg™ 1) 11. 930277 _ _
KKN Farmyard manure (M] « kg™ 1) 14, g3L27) — _
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A B Pesticide (M] + kg ) 238. 00026 - _
55 57 71 H R 45 4E (FE J&) Field operation of male labor (heavy) (MJ + h™1) 0. 68029 — _
255 71 W 8] 2 4E (4 ) Field operation of female labor (moderate) (M] « h™ 1) 0. 52L29] — _
% 71 H [ #:1E Field operation of livestock labor (MJ « h™1) 7. 75029] - _
C=TFORIZAER TSI X, FE, “—” indicates that the index has no statistical significance. The same below.

1.4 3 HMHH

fll 2B R G 2 R AR LS540 5 T g i AR I 22—
1.4.1 Shannon— Wiener £+ 1 F5 % A R AR ) B 3R K RSB VR T AR K B AR A A R
5], ZREMERE Bl R

H:_ipz lnP,»
i=1

P.=N./N,,
Kb H AR FAEY (KT REZ R B m RAEM K FE LG P, Z2EY (X&) (TR LG N, 2
50 PMEY R FRAR T AR B - MR E R SR AR N, SR o FVEAEY G SR E ) 1 SRR T AR GV
1.4.2 Pielou X5 484 VYK B AL R G VR W) i A T AR L ) 5 4% b K B I B 1 59 3 5 i
o Bk K
E=H/H,..
K E NS EREGH EM (KB A RENZHEEREG Ha, WK ZFEEFE 20 H = 1InM .M h &
Girh R (K &) R B
1.5 HKELRE
A5 A P RS LR B B (0™ D B9 m AR K P BEAT HER TR B B A (B D = T EIT
T — B A AR P B A A
FIH SPSS 20. 0 F A iy B 2R U7 22 40 BB Ee Rt 3 AN B SRR P A R e R AR I AT 25 5 B
PEG T (a=0.05) . I Logistic BEAIXTA 7 (5 L Fifi 58 2 80 5505 7K 7 09 28 Ak i 47 it Ze A it

__ K
1+be “

A KRR g P b ik 2000 AR A B8 1o 100 %0 0 R AR P AR 77 R 40 10 RE 1 F50 A FI™ H B i 1 3 %, ) R
AR AR 1A B R XS AR HE I AR A R TR R A B e SO R A P R R A Y
R0 HHE AL

HRAE Logistic BERY, A& 1 G 5t A2 10 A0 4% 248 B K [y B PR B B B I A KB Be . Y=K/2. X =1Inb/a, Itk
IF A 7o X BB i 450 B HY A SO e R 2 AR AR T F T R P 2 ) AR A OGS B T Bz
AL T 22 18 3G 4 B B Wil 7 2805 P A8 AR R A P o LG 5 R A AR A A T 5 5 0 2 Ve AR T AR K F
FEY B, I A AE BRI . A R AR AR o HE O BB S 50 (7 ) i 17 1 53 s R P A 7 v B ) 428 ) OC
5 [33] .
1.6 % # 7 #ZBEA (structural equation modeling, SEM)

P AESIR A K AE R A AR &L BB AR (RE R D CRE S U RS A O IR L 38 2ok f 1] IBM SPSS Amos 21 X
A W BE VEAT 3 AT, o B 25 PR R B B R IS i ag 420 2 0<y* /d (fH<<2 H 0. 05<<P<1, % K BRIUKE
1 AR T
2 HRE5SW
2.1 HEmAEFHRETES>MN
2.1.1 feE&A T B R e — R D L B T AR T AR R T AR RN R S R R s N (Triticum
aestivum) KK (Zea may) ML % (Solanum tuberosum) 3 FAEYMI IR AR S 00N AL BEEHR A H K MY
B (R 3) A —H AR R RE AR i BIRAR O EoR>/NE > B R R AR A4 7 SR i Rk i 4%
A BB EDRMFRANGE R R Z  HAMEY N B AR RZ, i 45%~70%, A1 AU 1.8%6~5. 1%,
BB R IR T, R A 57 3 ), AT LA T K& AR 7 AR A 7 B AR P L AR

Y
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Table 3 Energy input structure of three main crop productions in two counties

e X T 1 il JE L | & p e N e A2y F P
Crop  Region Area Seed Manure Manpower Animal power P fertilizer N fertilizer Pesticide
(hm? » (M] - (M] - (M] - (M] - (M] - (M] - (M] -
farm—1) farm 1) farm 1) farm 1) farm 1) farm 1) farm 1) farm 1)
INEE ™ 0. 60 203. 04 1095. 00 13.97 29.56 87.83 1237. 60 81. 36 140. 80 <C0.05
Wheat WY 0.20 137.96 727.57 13.16 21.63 82. 17 1840. 80 82. 81 92.53 <0. 05
— 42.90 11.09 4.29 0.27 0.13 12.92 0.07 — -
P - <0. 05 <0. 05 0. 05 <0. 05 0.72 <0. 05 0.79 — —
EP/S ™ 0.17 513.12 1130. 32 26.91 45.71 252.26 4831. 00 209.03 779.44 <<0.05
Cron WY 0.07 310. 46 730.00 13.81 22.71 170. 00 3120. 00 107. 28 559.09 <C0.05
— 12.16 3.74 0.07 0.49 8.63 25.59 0.01 — —
— <20. 05 0. 06 0. 80 0.49 0. 05 <0. 05 0.91 - -
T 44 ™ 0.19 2205.00 586.43 8.16 21.09 126.08 644. 82 61.92 238.29 <<0.05
Potato wY 0.09 2940. 00 730. 14 8.09 21.81 88.97 626.08 48. 24 367.54 <<0.05
F — 0.57 5. 66 0. 05 0.41 10. 22 0.05 5. 74 - —
P — 0.45 <20. 05 0.83 0.52 <20. 05 0. 80 <20. 05 — —

TW: i#7H Tongwei; WY: HJ{ Weiyuan; XH: B Xiahe. F £/R F B EF KK . F mean significance test. P<(0.05:2% 5% 5 % There is signifi-

cant difference at P<(0. 05 level; P=>0. 05: 22 5% A i % There is no significant difference at P<(0. 05 level. F[d]., The same below.

2.1.2 [ AR v D] e I AR AR F4 2ANEIMETEEDETWEBTEIN
FEUD R PR E PR BE AR A B REAL /N EME Table 4 Energy balance analysis of three

KPP BIRE R R H S P Y RE T . main crops in two counties

JINE S B SRR A AR e AR L B TE P B R T R 55 H BIX hE Ek D
(P<0.05)(F 4, Item Region Wheat Cron  Potato
2.1.3 KRPAVEWETGEET NS A Ve Wy e 7= AEi % A Energy input TW  20.62  9.20  10.65
RAM BB A = h Rl AE B K B WY 0 0067

F 49.06 17.16 9.88

A B Bk 0 0 B T R B B B B 1T LA K
PR R B B S8 T AR 0 B B 2z 1] Y B A LT 20
BARTBERCGE S MEEFERISETRES, 5
RETE BEABE T A XS LA A o Ll T R TR IR
REFR 7 1 BRE T A G R A e P oty L o T I s T 3R DR
H g S B BE U AR BE T Xk R A A L T E

<20.05 <C0.05 <C0.05

e 7~ i Energy output TW 48.15 18.93 15.27
(G] + farm™") WY  11.30 15.66  18.55
F 97.28 2.91 1.99

P <<0.05 0.09 0.16

fE MUK Energy efficiency ™ 2.34  2.06 1.43
FIB U EEABEAA S RN 2580 E A 1.11  3.08 2.87
9. F 72.66  7.47  16.28
2.2 REEFHRTFHSN P <0.05 0.08 <0.05
2.2.1 BREEHA Nt g B R e R, P 3 4 fle Rt #5 Energy income TW  27.53  9.76  4.62
MW SR G N, P RS FF RSB RTE T (Medicago (GJ - farm™ D wY .16 10.57  12.08
sativa) F T HAERBA R TREBHGR 6), FMEK g 08t 8
F R AR 2B BE i 15 A TE A R b X P 25 5 i 3 (P<< P =005 0.58 =0.05
0.05) . [ — s X [ K & AR B R ek e ARy IR Susiainabilic - TW L 025 61271 35

ty index WY  12.64  4.60 167.83

BERF(P<0.05) (F 6),

x5 EHMEFRERRF S S58EN Logistic B E

Table 5 Logistic equation of farmer percentage and energy in crop production system

Logistic Jy & Logistic equation parameter [#{H | Threshold | BJ{E Il Threshold Il E{E Il Threshold [l

i H Hb X
a b R? P X Y X Y X Y

Item Region
(GJ s farm™ 1) (%) (GJ] » farm™ 1) (%)  (GJ] « farm™ 1) (%)
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AE A W 289.88  0.999889  0.984 <0.05 32.51 9.7 52.10 50 82. 30 99.1
Energy input WY 1289.97  0.999793  0.968 <0.05 20. 01 7.2 35. 50 50 49.98 98. 8
fig = W 223.43  0.999965  0.968 <<0. 05 91. 20 10. 1 156. 90 50 276. 70 99.5
Energy output Wy 5642.74  0.999894  0.978 <0.05 55. 31 9.6 80. 09 50 121.03 98.3

fig A T™W 184.67  0.999951  0.948 <<0. 05 46.92 5.1 104. 80 50 190. 30 98.7
Energy income WY 9056.87  0.999807  0.884 <<0. 05 34. 90 9.8 44,59 50 75.01 99.1

W X R RBEAT N (RERAR A (B ™ ) VRB I ES) Y R R X R RB AT A P AR S . T
Note: X represents energy behavior (energy input, energy output, energy income) , Y represents the proportion of farmers under energy behavior.

The same below.

2.2.2 figimh B R T, KR LB K B A SR (A L) I RE B L BB L AR RE B UK
i 4 R T E AN R . AR R RB A B e T R R 90. 43 %6.95. 86 %6, BE f2 UK 25 43 i) e A T AT TR
165.56 % F 1. 74 % , AE & &% 3 by i 1 A0 U543 91 &5 85. 17 % 199, 36 %, =F 1Y RE & 7 1 43 9 £ T3 T F3E J8
96. 14 % ,47. 82 % , HE 1t A 2 22 3 VE AT U 99. 36 260,93, 3800, A f W & W i 4GB T L VE U 9 b 133, 3800,
93.65% (F 7).

F£6 3NBIMEIEREESHEBRANEN

Table 6 Energy input of three main livestock production in three counties

K X % Number FEFF Straw #5El Concentrated Y/ T F P
Livestock Region (sheep « farm™1) (G] « farm™1) feed (GJ » farm 1) Alfalfa/hay (GJ + farm—1)
2F Cattle ™ 44.02 11.55 1.31 15.04 7.49 <0. 05
WY 62.02 10. 04 9.40 1.31 5.08 <0. 05
XH 200. 81 7.52 6.03 — 5.92 0. 05
F - 6.51 2.30 16. 30 — —
P — <20. 05 <0. 05 <0. 05 — —
2 Sheep TW 13. 60 2.35 0. 26 1.08 1.28 0. 05
WY 25.20 1. 00 0.58 2.51 1.04 <0. 05
XH 40.02 1. 50 1. 17 — 0.93 <0. 05
F 6. 89 3.07 10. 26 - —
P <0. 05 0. 05 <20. 05 — —
¥ Pig ™ 7.01 — 6.68 3.42 2.25 <0. 05
wY 7.93 - 8. 04 1. 85 6.98 <20. 05
XH — — — — — —
F — — 9.81 8.53 — —
P — — <0. 05 <0. 05 — —

T HERRXBEEFNEETLEIHW

Table 7 Energy balance analysis of livestock production in study area

i H X #+ £ # i H X 4 £ i

Ttem Cattle Cattle Sheep Pig Ttem Cattle Cattle Sheep Pig

g # A Energy in- ™wW 41. 04 9.15 12.22 BE & % & Energy effi- ™wW 0.14 0.11 0.09

put (GJ + farm™1) wY 42. 44 11.99 2.98 || clency wY 0.06 1.13 1.33
XH 6.38 1.52 — XH 9. 44 17. 06 —

F 92.12 11.11 31.49 F 187.23 14. 87 19. 69

P <0.05  <<0.05 <0. 05 P <<0. 05 <0. 05 <0. 05

fiE ™= Energy out- ™ 5.76 1.00 1.13 R I 25 Energy income ™ —35.28 —8.15 —11.09

put (GJ * farm™ 1) WY 2.49 13.53 3.97 (G] + farm™ ") WY  —39.95 1.55 0.99
XH 60. 20 25.93 — XH 53. 82 24,41 —

F 57.99 4.84 25. 14 F 163. 41 9.34 93. 40
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P <<0. 05 <0. 05 <<0.05 H P 0. 05 <<0.05 <<0.05

2.2.3 RPREFEFREIT I HARMPE, K& A= h S eI as 2 i n . = A Mig
S S AR S48 K ) R K A T B B B T VR R s BB RS RO B T I L O BN, AR
Tia] PG S22 % T 380 A R (R IR T R R AR P e 3 A XS R AR AR N (R 8) . AR BB HEL T L RB H IR 2R
e TR A AL B B B E 1T, 35 2 30 Bl 4K T i b o A s A BTG 5 1 RORGE T 5 R P BB A LB U AR
e R 3K B 0 A K B B 2 ) %) B L s AR 1 G S R 3 o ) e A, R G IRE 4 AR P G (L X TR
BALEIN R 8)

2.3 ZhHRGRETFH M

2.3.1 fEEHA WESERMEINEY —RELSS RG T M X A A 7 S5 R AL 1 R e R e
KRFM —RELGAET ARG AT R RERAZ TR E ., REEERATETW KB WERMAECL 1D
4 2 90 Ry Y VR > 5 T > T I A 5 AR DR K [ B 1) 0 R B B sk I ) 0 1 TIT D 5 A Y VR > ] >3 T
BRI T T AF T I 0 Py b 347 Bl vl 4 T 5 7 36 347 346 Jn (3R 9)

2.3.2 REETH B e i — 7 R v A Y L DR 18 R R R R U B B R R AR B E T
5 i A A P o L (T I SE N S R RE R A 0 (R D0 T e v VR R I, 5 R R G I Y R
o b R B 2 v TR TH R (R 9 . R PRB I Y R A A5 E DR AR Ak B B A A IT L T VRIS T T
S 5 8 FE A A K B BEAC P AR B 2 (T R  E T YR R T (A P LA X P AR
TEE NG 9),

x8 REBEEFRGPRALILSEEEN Logistic =2

Table 8 Logistic equation of farmer percentage and energy in livestock production system

Logistic 77 #£ &% Logistic equation parameter [#{f | Threshold 1 B II Threshold I BI{E Il Threshold Il

T H X ’

Hem Region a b R? P X Y X Y X Y
(G« farm™ 1) (%) (G] + farm™ 1) (%)  (G] « farm™ 1) (%)
e A T™W 73.80  0.999927 0.98 <<0. 05 24. 88 7.9 62.37 50 110. 80 97.9
Energy input WY  13655.12  0.999833 0.93 <0. 05 40. 01 8.2 57.50 50 78. 60 98. 8
XH 6.73  0.999739 0. 90 <0.05 0.10 8.1 1.68 50 4. 67 97. 2
AE L™ T™W 60.02  0.999455 0.94 <<0. 05 2.98 9.2 7.12 50 14.02 98.9
Energy output Wy 126.37  0.999542 0. 96 <0. 05 6. 14 7.8 10. 07 50 19.12 99.3
XH 9.23  0.999971 0. 89 <0.05 0.95 8.3 70. 80 50 23. 87 99.1
(e W 0.01  0.999912 0.98 <0.05 —90.23 5.0 —55.25 50 —20. 10 96. 9
Energy income WY 0.00  0.999701 0.92 <0.05 —57.85 5.2 —47.43 50 —35.22 97.9
XH 0.08  0.999998 0. 90 <0.05  401.13 4.9 160. 42 50 750.01 98. 2

K9 GREEFRFEPFRPSHESEEN Logistic BE

Table 9 Logistic equation of farmer percentage and energy in integrated production system

Logistic T #£ 3 Logistic equation parameter {8 | Threshold [ {5 I Threshold 1 [ {8 [ Threshold I

i H Hb X
a b R? P X Y X Y X Y

Item Region
(G] » farm™ 1) (%)  (G] * farm™ ') (%) (GJ+ farm™ ) (%)
e A ™W 757.68  0.999410 0.92 <0.05 7.01 7.90 11. 33 50 17. 20 98. 10
Energy input WY 134.48  0.999880 0.97 <<0. 05 17.51 9.30 38.91 50 69. 88 98. 80
XH 4.48  0.998000 0.76 <<0. 05 0.08 12.10 7.48 50 25. 04 99. 40
fig e ™ 43.99  0.999963 0.98 <<0. 05 30. 15 7.30 102. 87 50 178. 54 97.72
Energy output WY 3854.42  0.999849 0.96 <<0. 05 35.01 6.90 55. 41 50 80. 21 98.12
XH 9.23  0.999971 0.89 <<0. 05 0.09 10. 10 84.07 50 207. 36 99. 31
g i i 25 W 35.81  0.999961 0.98 <0.05 13.76 4. 89 91. 54 50 193. 21 98. 20

Energy income wYy 3198.37  0.999480 0.90 <20. 05 12.68 5.01 16. 89 50 26.78 97.70



5529 B 9 H 2R 2020 4 13

XH 9.29  0.999971 0. 89 <<0. 05 21.08 12.20 76.98 50 180. 72 97.35

204 RPAFAGREFHELN S IR

2.4.1 RIVZHEMESREEICELER RS HMESE Y ERES MR R FMC(P<0.05), fEYE
PRARGE R T E B 2 A PR HORI Y A 2 4R Koo sl s s TR IR 6. 850 F1 6. 1006, REEBCR N i 27. 530 . KFE
AR R GE R 2R M ORI X B0 B AR R T LT R 400 25, 0000 #1265, 8104, B £ 507, 14%,
290. 00 %% 5 {H 2 , B ok 4 % AT 5 20 01 A BTy 1. 026 F0 1. 48% . Wl UL, ZFEM S5 R A R a2
T W AR A A A i R 28R I A T T e B (3R 10)

R EFRGSHEUEREVNENXR

Table 10 The relationships of system diversity and energy efficiency

it H i IX LR E ¥y 5) B 45 B fig i AR F P
Item Region Diversity index Evenness index Energy efficiency
VE¥) %48 Crop system ™ 1.56 0.87 3.15 186.93 <20. 05
wYy 1. 46 0. 82 2.47 164. 31 <0. 05
K& R Livestock system T™W 0.85 0.78 0.13 107.79 <0.05
WY 0.68 0.62 0.19 301.19 <20. 05
XH 0.14 0. 20 12. 80 250. 37 <0. 05

2.4.2 BEEXRPARGEREMOLE SEM BRI i FEK B B AR B 5K R RO W] R fE
B CRE R AN RE B AR . Hh 0 BE B A U B Y TR T R A R A R K B [R) 4 RO B R I T
SRR . X RE A H B RN e R PR R A A R ] 422 20N e R PR R A 5 X R e R R T e K Y R AK
IO7 R L IEE AR CPEL 2 PR Sy T 3052 i) o 7K R B 1 20 A B 1 38 AR LG & TR A AR AR 7= 15 3

v
TEADIEN augn o | EVIR GBI En input i
. AEEHEA AL ergy input in
. -0.53 . (ierfLP aéga Encrzy crop system=44.7 GJ = farm”
0.45 [ K& ’ input | 523 ZLHEN Energy input in
Precipitation R=0.72 | livestock system=42.5 GJ * farm '
R'=0.68 L
4k 2z [1EYI RSERCE Energy efficiency
W Energy |in crop system=2.7
Altitude efh;ciency K A% 50% Energy efficiency
| R'=0.29 |in livestock system=0.9
. 1
T e 0.01
— Annual mean temperature ! -
R=0.53 1 e _1’]5#7/],%?}6#1"]"; Energy output
T -0.24 oy Enecrgy |in crop system=122.2 GJ * farm
PP . i L COp 5
P 20.10 Arimal smber output | ¢ & A 4557 ) Energy output
i R=0.68 R=0.43 |in livestock system=36.5 GJ * farm"
I ?
————————————————————————————————————————————————————— 4

B2 HitHEEEERHIE SEM £HER
Fig.2 The influence of various factors in the SEM structure model
MR RBCH AR PAH. P<C0.05 4 % ,P<C0.01 4 % » ,P<C0.001 Jy » = = , B P>0.05, KRB HE ., y2/d(f) =1.35. The upper right
corner of path coefficient is P value. * indicate significant differences at P<C0. 05, * * indicate significant differences at P<C0. 01, * % * indicate

significant differences at P<<0. 001; dotted lines mean no significance. y*/d(f)=1. 35.

3 itig
3.1 RPAFPZAREKNELEREXENEEZ

AR AW AT E BRI E i s B mm B B8 3 AR B AR (- 3D, EWRSs T, U
AR RPR A B 3 2 57 (P<<0. 05) (HME e m ORI R T (K 3a) s K& A= R 40, 8 18 ALE g
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“Research on sustainable development of Maqu County over the past decade based on

ecological footprint
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Abstract: Maqu County is an important indicator region for the stability and maintenance of the Qinghai— Tibet
Plateau and includes the upper reaches of the Yellow River. It is of great significance to study the sustainability
of its ecological environment and social and economic development. The ecological footprint model was applied
to study the changes in per capita ecological footprint, ecological carrying capacity, ecological deficit and sus-
tainable development index of Maqu County from 2007 to 2016. The results indicate that the per capita ecologi-
cal footprint of the study area increased significantly in the past 10 years, from 4. 26 ha in 2007 to 5. 91 ha in
2016, an increase of 38. 73%. Pasture accounted for 98. 83% of the per capita ecological footprint of the region,
ecological carrying capacity trended downward from 3. 74 ha in 2007 to 3. 04 ha in 2016, with a drop of
18.72%. In this region, all 10 years for which data were analyzed showed an ecological deficit, and the overall
ecological security situation was very weak and unsustainable. Pasture is the main resource for consumption in
ecological footprint evaluation in Maqu County, and the imbalance between demand for pasture forage for con-
sumption and sustainable supply, with resulting pasture degradation, is strongly evident. Therefore the protec-

tion of grassland through adoption of ecologically sustainable practice in this area should become apriority.
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