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The ecological footprint of alpine pastures at the village-level. a case study of

Hezuo in Gannan Autonomous Prefecture, China

WANG Lucang” , GAO Jing
College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China

Abstract: Alpine pasture is a unique plant community with an ecological set of conditions and environmental pressures
which are significantly different from other areas. This simple ecosystem has a naturally slow rhythm. TIts functional
instability is caused by the cold, alpine pasture environment which makes it vulnerable to disturbance and difficult to repair
once damages occurred. To a certain extent, external forces and influences are limited in this cold climate because of its
isolation from human activities. This leads to alpine pasture having a highly localized and sparse human population, so that

human conflicts only tend to arise over grass-livestock conflicts. Based on characteristics of alpine pastures, the authors
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have revised the ecological footprint model and ecological carrying capacity model of this unique habitat placing strong
emphasis on the key factors controlling ecological carrying capacity. These factors include the numbers and types of
livestock, human population, local habitat conditions and regional characteristics. Following the methods of Hezuo, the
authors then measured and analyzed the ecological footprint and ecological carrying capacity of 41 administrative units. The
results show; 1) The distribution patterns and ecological footprints of the human population and their livestock are very
different and roughly the opposite of each other, which indicates there are significant spatial differences between the
environmental pressure on alpine pastures coming from the human population and pressures from livestock. 2) The
combined ecological footprint of humans and livestock is mainly determined by the location of the livestock ecological
footprint, so we can conclude the impact of livestock is the main factor in the formation of the combined ecological footprint.
3) Looking at the distribution of the ecological carrying capacity per unit area, the areas with a low carrying capacity are
mainly located in the northern expansive pastoral areas at higher altitudes where the structure of the ecosystem is fairly
simple, and main ecological types are alpine meadows and hydric grassland. Also, in these high altitude areas, frost
weathering is quite strong, and the effective growing season is very short. Unlike these low carrying capacity and high
altitude areas, the areas with high carrying capacity are mainly located around urban areas and along the Taohe River, with
both grassland ecosystems and forested ecosystems present. In summary, we can conclude the main factor determining the
ecological carrying capacity is our ability to improve anthropogenic factors, while dealing with the complex structure of
natural ecological systems and harsh natural environment. 4) When we consider the nature of the spatial distribution of
ecological surpluses and deficits, ecological deficit areas are mainly concentrated in pure pastoral areas, and overgrazing is
the key cause for the ecological damage. So, the key to increasing the ecological carrying capacity and reducing ecological
impact is focusing our attention on the relationships between grasses and livestock. We should take several measures to
improve the situation. First, maintaining the balance between forage and livestock and avoiding overgrazing is required.
Stocking levels need to be based on the carrying capacity of native pasture. Second, we can improve productivity and
carrying capacity of pastoral areas using scientific and reasonable methods, and in this way strengthen protection for
grassland ecosystems. Finally, we need to adjust the economic structure, by decreasing human dependence on grassland

farming and by promoting the transition from traditional grassland husbandry into modern animal husbandry.

Key Words: Alpine pasture; ecological footprint; ecological carrying capacity; ecological deficit; Hezuo
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F1 AETEREHMERARSG TR/ hm?
Table 1 Area of grassland degradation in Hezuo
BRI Degraded grassland area

Hh X RN o o B JEL T AR L IREFR B/ hm? AL AR
Region The total area ”[E‘lt'l The proportion of Degree of degradation Desertified
o total grassland area FE Severe 1 Moderate grassland area
HM 2360939.6 1954893.3 82.8 648913.3 1125980 180000
EAET 164628. 4 126000 76.5 53333.3 58666. 7 14000
k2 948027. 2 765333.3 80.7 320000 365333 80000
fig il 2 421174.1 327999.7 77.9 110666. 7 176000 41333
=R FAS 514222.8 482027 93.7 125780 339580.3 16667

2 FEMERIREET
2.1 ki

- b T RS R S A T 5 R R A BORE, TR S A BB R IR T 2010 AR SRS HEL,
2.2 PR P

AR RALE T IO T A B ALETIHE 2 BRI BRI A AE R RG], (T
AN NBE XN A AR, %2 A 7 3 8 N T T 3% %) i A 58 J5RN IR N 3 26 N 11 oy 7™ A 1 132 5 0 T e 22
B A S A = M - s AL, HA T REA R

EF = Z w;(cc;) = Z (ac/p;)
i=1 i=1

EC = Zwi(epi) =Y (ae/p,)

P n R PR U P AR IR Y s e, NS TP DR A AR AR R s ac, S i I ORI R R
pi AR IR A A A 7 B TR o s ep, AR @ VAR IRA A I s ae, SRS | BT IRAE AR R
w,; S R S A P BT IR SR TR AR AU EF 9 R — 3 XA A 25 R 3 B i EC DA M IX A R
fes  AERVIRIE (AR BAVIRIL ) BRUAE 285 8 900 RN A 28 7K 48 00 22 6] A R/ N 208 S B e — DX Bl iy 2B 28 AT 4
LR EREN

AVETIT v ] R ) i FEIX R ISR B R 2 o iy (b A IR A ) | bz AR 1 L B AR Y
65.9% AEG B BONAERT N K EF P (R K iRl 5 Tolk) 124 Homd, 3 Bolk iy & etk
A BERAE T B FEM X 1 A SR IR LT, RN T RE s b B A SE T i b 22 B 2, AE ik WL AR R IR
FE ) B AR I B3 - OC 2R Wi is SR A rh A X B v 8 K B (0 75 RS AR W A 7 M - it AT
AAE e B, O R T A0 R St

(1) AR S AR vh 9 e 3] A e T B8 A8 S 40— 48 X - e DX, A, 6 [ A5 v,
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Footprint Concept ) 22U A SRIES: 2 (WWF) ¥ (live Planet Report) B R EBE RO R4 Rk 4
AR A Y IH S R 8 PR DR R A S TR, AR B R ZH 2L (FAO) 1993 47 W™ i it 2 gt 1
B Jr B R 2006 ARG L FAO2003 AF 7 107 i 2500 D SERETES. . BH 48 b R O A 7 AR
R F A7 3, —J7 W, B TR AR T ARk 5K, o5 —J5 T, SR A & i b B 58 A 7 43 B
K, PRUHCTE T3 A 3 0™ i AR 25 70X — B Ol AR S 2 PEAN vh 1) S 2S00 % i 3 FR 4 & 10
MR S 2 AT o R R TE Y 139,704 gm® RN R 232. 0662 gm®, A VETH T Hiukb i 2E 4k
X, B WOl ) LR HECBON 3 | 32 e FE ™ I AR ST R 2, S B AR, B A RE e, s A i et B
2009 4, SF-¥fif B Ry 8250—9000 kg/hm®  MEEHE A I FL 4653hm” , P-4 5177 2019. 6 kg/hm®, P HAE I E
P DR - s R i S BRSOk, 25 S SRR SE bR, T TIB IR (R 2) .
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B R R i L B S A DR R TN A — R B AR A T R, AN REAR A 1 S WAt e R BRI, B R
Pyt A = i DA iz ] AR vk S 2 P I FEOBI AT 58 (57, o 300 70ty sl 28 T PR A e 1) e (L
5 IR KGR A4 2N B RIS ) FR97  TR 2 BB 22 5 7 B S T 73— 46 - i TR (A <R
AT VD R ) DT A= 285 SC I RS B BELAS AR T 57k PR 5 R R S AR B 7B (3 2) o 1R SR
FEXIA — A B, HonisR A AW Chm? ) BERL, 455 WOHE 214 - b 8 A 80, PR IUE T AR SCRIFSE AT X
AL 6 KA A =1 - M AT ARSI o3, X TR0 0+ 2T AN Bl R B T AR W A e A
AR ) BB )9 J) (Net Primary Production, NPP) T ORIFSE #4474k 97, 12 5 LA
R A SRS M E AT, N — @ R T B AR S M i 1, [ % TS T B A 9 ) 233
2 IE R A 78 B A 2SR S5 (08 U, SE 2 LAY O S B AT 6 e S (LS 2% 1 R
PRI B AE IR, AT B X XS 2 [] ) AR 25K 3 77 52 i T AR BR i DR SR AR K, 5 SE PR Ak 2 22 5
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Table 2 Land types and control factors after adjustment

T

1 T

iR 2SR Equilibrium FEEIZH‘ ] 2 Equilibrium Ff;&l?
Land types factor Yield factor  Land types factor Yield factor
#H Arable land 1.8 1.09 T i Urban using land 2.8 1.89
fEl#h Garden plot 1.8 1.49 S HE I3 Village using land 2.8 1.09
Mt Woodland 0.8 0.8 K524 1 Scenic using land 2.8 1.89
b Lawn 0.3 0.19 S B Highway using land 2.8 1.09
Bt FH L Facilities land 1.8 1.09 ¥R B Village road land 2.8 0.6

M 3K raised path throuth fields 0.8 0.46 JKIBIKF] Water /conservancy using land 2.8 1
KA # Mining land 1.1 -1.09 # 4 Barren land 1.1 -0.46
bl Sand land 1.1 -0.98 TR Swamp 1.8 1

3 FRRitie

(1) N AR 285 R 50 R 3 A 25 R 8 A A% JRy R B80S I i) 283, U WA v TR IXC, N T S5 3 X B 05 3
MR B E RS 2257 (R 3 R4, - 1B 2) o Ho AT R 8 U BOR A XS 204 P . — 20Tl
IR IE D AR SO R T T8, 2 A I8 5 O — SR FISE T XAYAT BN 3 2 BOURF3EME , s 6 ), SE A 12
FYR RS, DU 45  PE A I BOR AT B 2 SRR 2 F A LAUARE, 2R P SR
AET5 37 LB e Pk 2 S AR DX I DRy SR B I 3 — 3 A 253 3l X o T N T R 7 e A 2 3
Yo, NE /R RS AR/ BEURGE [
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®3 2010 FEETESRIT(PE L)
Table 3 Ecological footprint of Hezuo in 2010 (livestock footprint)

HFE R SRR HY R P E A R 55 1 1
Daily consumption Global average grass The average ecological Balanced footprint
of grass/kg production/ ( kg/hm? ) footprint/ (10 hm? ) /(107hm?)
7 Sheep units 8.75 186 47043.011 23521.505

FAHE AR =07 F 1 F=52%F15=7.8F

MV A 53 BRTT DN T HUEREE TR oh TR AR HORT AR B LRI N DR R X, 4 KR40
AR BN AR LE 600—800 A, A o0 AT HA S AU A B R o AR A SRR I N I 20 A A DR 54, S
OIHL, PRI EA BRI 3T N B/ DRI 15 N (36 5) o PR, N R BRI i il A4 TR 1 AR e, H R )
BRAEEL/NX I N

F4 2010 FEETESBIT(AL D)
Table 4 Ecological footprint of Hezuo in 2010 ( population footprint )

NEIAF B T PRS2 7 NS 575
Nk & Per capita The world Per capita + 2R
Consumer items consumption average production ecological footprint Land types
/kg /(kg/hm?) /(107hm?)

FHRE Barley 34.8 2744 12682.216 b
M Oat 30.1 2744 10969. 388 b
1% Potato 20.3 18000 1127.778 Bt
/NG Bean 9.3 1856 5010.776 Hr ity
H3E Rape 11.5 1856 6196. 121 b
K37 Soybean 7.2 1856 3879.31 Bk
JET Footprint - - 39865.588 -
416 )23 Balanced Footprint - - 111623. 647 -

E1 2010 £ AT &R (HER L)

Fig.1 Ecologic footprint of Hezuo in 2010 ( livestock footprint)

Fig.2 Ecologic footprint of Hezuo in 2010 ( population footprint)
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Table 5 Density of population and settlements of Hezuo

. . N " e TR/ R
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. . . settlement density
Region Total area Total The number of Population density .
/km? opulation/ A\ settlements /(N km? ) of village groups
pop /(A7 10° km?)
411 Total 2670 85810 236 32.13 88
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KIniE 2 369 2465 26 6.68 70
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Fig.4 Fitting function between livestock and total footprint
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Fig.3 Ecological footprint of population and livestock in villages
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Table 6 Grass-animal balance of Ganna Autonomous Prefecture
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Fig.8 Ecologic conditions of Hezuo in 2010
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Fig.7 Average ecologic capacity of Hezuo in 2010
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