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Ecological footprint analysis of a semi-arid grassland region facilitates assessment

of its ecological carrying capacity: a case study of Xilinguole League

YANG Yan', NIU Jianming' > ", ZHANG Qing' ,ZHANG Yannan'
1 School of Life Science, Inner Mongolia University, Hohhot 010021, China
2 Sino-US Center for Conservation, Energy and Sustainability Science, Hohhot 010021, China

Abstract: The development and testing of regional sustainable development indicators is an active research area. This study
uses quantitative indicators to determine whether nature’s ecological carrying capacity can satisfy the needs of humans.
There are many quantitative measuring methods for sustainable development, but the ecological footprint analysis has a more
widespread application. This method is used to calculate ecological footprints by looking at need and the ecological carrying
capacity in terms of support, and study the use degree of humanity to natural. Using these results, the circumstances of an
area or country’s sustainable development may be established.

Xilinguole League is located 111°59'—120°00"E and 42°32'—46°41’'N. The total area is 201442 km’, with a
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grassland area of 192000 km’, and covers one-quarter grassland area of the Inner Mongolia Autonomous Region.

In this study we conducted an ecological footprint analysis of the Xilinguole League, using statistical data from 1981 to
2008. The computed ecological carrying capacity and its 30-year dynamics revealed the major development trends of this
semi-arid grassland region. Our findings showed the following. (1) Rapid industrialization and urbanization altered the
area’s per capita ecological footprint dramatically. The area increased from 1.0868 hm’ in 1981 to 24.2176 hm® in 2008,
surpassing China’s national average and that of other domestic grassland areas. The main driver of this increase was the
rapid expansion of areas involved in the extraction of fossil fuels and other grassland uses. (2) Rapid population growth
resulted in the decline of per capita ecological carrying capacity for this region, with grassland—cropland capacities being
most affected. The total per capita ecological carrying capacity decreased from 3. 1565 hm® in 1981 to 2.3915 hm® in 2008.
(3) Development has been accompanied by a shift from a regional ecological surplus to an ecological deficit.

Two factors are responsible for these conditions. First, since the 1990s, the domestic market has increased the demand
for and taken advantage of local resources such as coal and other electric power generation sources. In addition, the area
itself has experienced economic development, which has accelerated industrialization. This development has caused an
increase in demand for energy use and living resources, further advancing urbanization. As a consequence, the ecological
footprint has increased dramatically. Second, demand for livestock production has increased dramatically and has resulted in
long-term over-grazing. In addition, many years of poor grassland management has damaged the grassland ecology and
created a fragile environment. Grasslands in the area have become severely degraded, and ecological carrying capacity has
declined. Moreover, industrialization and urban development, the growth of residential areas and transport routes, the
takeover of grassland by industrial and mining areas, have all put extra stress on available grassland.

The Xilinguole League development represents a massive increase in energy use and the severe ecological deficit of a
semi-arid grassland area due to industrialization and urban development. However, because grasslands offer an important
foundation for economic development, their degradation may compromise the region’s sustainability. Scientific research is
vitally important to find a balance between industrialization and urbanization incentives and the sustainable management of

natural resources.

Key Words:; grassland; sustainable development; ecological carrying capacity; ecological footprint; Xilinguole League
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Table 1 Calculated results of ecological footprint of Xilinguole league in 1981—2008

- iy Bt o EL WSS AN *?*’i*{u
Year P/a;tuzre Croplaznd F orezt F lshirles i Bulll—upzarea Fossil F 121els waste dlssosal eco-footprint
m /hm /hm /(x10"hm?) /hm / hm / hm s o

1981 0.7623 0.1192 0.0054 1.4 0.0002 0.1998 <0.0008 1.0868
1982 1.0109 0.2617 0.0051 2.7 0.0002 0.1926 <0.0008 1.4705
1983 1.1824 0.1489 0.0033 5.5 0.0002 0.1999 <0. 0008 1.5346
1984 1.2750 0.2657 0.0067 5.0 0.0002 0.1898 <0.0008 1.7375
1985 1.3679 0.2783 0.0069 3.9 0.0002 0.2320 <0.0008 1.8854
1986 1.1836 0.1521 0.0104 3.2 0.0003 0.2555 <0. 0008 1.6018
1987 1.3274 0.1337 0.0123 0.54 0.0003 0.2742 <0. 0008 1.7481
1988 1.2261 0.2096 0.0088 4.0 0.0003 0.2475 <0.0008 1.6923
1989 1.5976 0.1522 0.0107 1.5 0.0003 0.4679 <0. 0008 2.2287
1990 1.6233 0.3077 0.0152 2.8 0. 0005 0. 8845 <0.0008 2.8312
1991 1. 8966 0.3235 0.0152 2.8 0.0007 0.9569 <0.0008 3.1930
1992 1.8529 0.3408 0.0152 2.8 0.0009 0.9762 <0.0008 3.1860
1993 1.8963 0.3170 0.0152 2.8 0.0009 0.9256 <0.0008 3. 1551
1994 1.9463 0.2867 0.0383 2.8 0.0011 1.0243 <0.0008 3.2967
1995 2.1237 0.3812 0.0383 1.6 0.0012 1.0880 <0.0008 3.6325
1996 2.4554 0.3750 0.0383 1.6 0.0012 1.0622 <0.0008 3.9321
1997 2.9981 0.2529 0.0383 1.6 0.0013 1.0679 <0.0008 4.3585
1998 3.0778 0.4726 0.0464 1.6 0.0013 1.0963 <0.0008 4.6945
1999 3.3048 0.4758 0.0515 1.6 0.0013 1.0575 <0.0008 4.8909
2000 3.9586 0.3697 0.0768 1.6 0.0013 1.0436 0.0008 5.4508
2001 3.4254 0.2580 0.059%4 1.0 0.0014 1.0342 0.0004 4.7787
2002 2.6939 0.2795 0.0582 2.5 0.0014 1.0577 0.0007 4.0915
2003 3.1482 0.3763 0.0453 0.91 0.0015 1.2493 0.0119 4.8326
2004 3.2979 0.6028 0.0603 0.91 0.0028 1.9662 0.0008 5.9309
2005 3.4766 0.6537 0.0685 1.8 0.0028 3.4443 0.0226 7.6685
2006 3.6469 0.8673 0.0722 1.9 0.0113 5.2407 0.0233 9.8617
2007 3.6646 0.6865 0.0845 1.9 0.0376 9.3273 0.0233 13.8238
2008 3.3987 0.8552 0.1030 1.9 0.0603 19.7772 0.0233 24.2176

L 1981—2008 4F (8 K50 1 38 G341 5 Yokl o K Jg 7

2.2 AEFIREINTE
A AR TR AR I RERS HR MG 2 AR B A 28 A P - b T R R, AT ROR A
EC=Nxexc=NXaxrxy (j=1,2,3,---,6) (3)
A EC SIS T AE R ] (hm ) N AN TTE(N) L ee M AIIERIRETT (hm?/ N) L0, WA
B AR Ch /)y ARy, 7 i R R AN A R B M8 He e R 5 kTR
PSRRI R B AR TR, F1BR 12% A4 9 Z2 B CRdr m AR, RISk m] 00 A 349 A 25 4 g AR
(%£2),
2.3 R R TR
Yoy DR 7R FH R 1 B AR B, BIRE S MR 1. 66, Ak 0. 91, A 0. 19, /K388 1. 00,
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F2 1981—2008 F G E B ETRAEN
Table 2 Calculated results of ecological carrying capacity of Xilinguole League in 1981—2008

N HiHy B M s LY RE) REREGR /d;HA) i
Year Pastu;'e Croplaznd F nreil Flsher;es Bullt—upzarea I"er (:aplt.a ( 12% ) Available Per capita
/hm /hm /hm /hm /hm bio-capacity ~ Minus 12% o cavita eco-deficit
/(hm2/ A ) for biodiversity b’i’:_rc:;‘;;ty
1981 2.4137 0.4513 0.4743 0.0204 0.2274 3.5870 0.4304 3.1565 -2.0697
1982 2.3312 0.4252 0.4581 0.0197 0.2196 3.4538 0.4145 3.0393 -1.5688
1983 2.3107 0.4100 0.4540 0.0195 0.2177 3.4119 0. 4094 3.0025 -1.4679
1984 2.2870 0.3915 0.4494 0.0193 0.2154 3.3626 0.4035 2.9591 -1.2216
1985 2.2707 0.3813 0.4462 0.0192 0.2139 3.3311 0.3997 2.9314 —-1.0460
1986 2.2464 0.3566 0.4414 0.0190 0.2116 3.2749 0.3930 2.8819 -1.2801
1987 2.2201 0. 3466 0.4362 0.0187 0.2091 3.2308 0.3877 2.8431 -1.0950
1988 2.1724 0.3316 0.4268 0.0183 0.2046 3.1538 0.3785 2.7753 —-1.0830
1989 2.1479 0.3288 0.4220 0.0181 0.2023 3.1192 0.3743 2.7449 -0.5162
1990 2.1057 0.3251 0.4137 0.0178 0. 1984 3.0607 0.3673 2.6934 0.1378
1991 2.0992 0.3402 0.4125 0.0177 0.1977 3.0673 0.3681 2.6992 0.4938
1992 2.0944 0.3508 0.4115 0.0177 0.1973 3.0718 0.3686 2.7032 0.4828
1993 2.0875 0.3538 0.4102 0.0176 0. 1966 3.0657 0.3679 2.6978 0.4573
1994 2.0766 0.3617 0.4080 0.0175 0.1956 3.059%4 0.3671 2.6922 0.6044
1995 2.0665 0.3678 0. 4060 0.0174 0.1947 3.0525 0.3663 2.6862 0.9463
1996 2.0493 0.4332 0.4027 0.0173 0. 1930 3.0954 0.3715 2.7240 1.2081
1997 2.0355 0.4873 0.3999 0.0172 0.1917 3.1316 0.3758 2.7558 1.6027
1998 2.0340 0.4678 0.3997 0.0172 0.1916 3.1102 0.3732 2.7370 1.9575
1999 2.0267 0.4731 0.3982 0.0171 0.1909 3.1061 0.3727 2.7333 2.1576
2000 2.0584 0.4055 0.4045 0.0174 0.1939 3.0797 0.3696 2.7101 2.7407
2001 2.0386 0.3690 0. 4006 0.0172 0.1920 3.0174 0.3621 2.6553 2.1234
2002 2.0065 0.3140 0.3943 0.0169 0. 1890 2.9206 0.3505 2.5702 1.5213
2003 1.9922 0.2699 0.3914 0.0136 0. 1877 2.8548 0.3426 2.5123 2.3203
2004 1.9302 0.2909 0.3886 0.0135 0.1863 2.8095 0.3371 2.4724 3.4585
2005 1.9292 0.2940 0.3900 0.0142 0. 1870 2.8144 0.3377 2.4767 5.1918
2006 1.9010 0.2993 0.3844 0.0140 0.1843 2.7830 0.3340 2.4490 7.4127
2007 1.8616 0.2960 0.3765 0.0117 0.1814 2.7273 0.3273 2.4000 11.4238
2008 1.8416 0.3091 0.3739 0.0136 0.1795 2.7177 0.3261 2.3915 21.8261

L 1981 4E—2008 4 185 b 1 B4R S Yokl Bdim i 7

Fr R T AT LI AR SR, OB AR BB b ) 7 o PRS2 AR IR 1981—2008 ARAEAFHR AT Y- 147
SRR R, A 28 a B RN T 29500, 5229 B AR SR MR AT TRV N EUR A
WA, 2 U 2000 2220 UL, BFH a0tk - O Al ST M 22 O oh Bk st B AL TR 19, BT L™
AR TR 5 Q) e IR AR b 2 BRI T Al 5, B A A e U ] LR A i A e e D
T ] e 7 e PR B 0. 19 Rty K Jel iy i PR D0 [ 2 A 25 A R )T I, 23591 A 0. 91
FI1.00, @ T HETRZEOBIXBEA L TBEE AT CO, R DI RENE + 3, BT UM A7 BE IR Mo py ™ i P4 7
MO,

3 HRER
3.1 AR
GRS B AE 1981 431 2008 4F ], A3 425 3 B AEHEN, MA 1. 0868 hm” ] 24,2176 hm (£ 1) , 30
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T 20 245, WAESRIBMA I RE , A AR IR b A M i A S R i ek,

AT BE TR N1 25 JE 5738 AL B fie K, 1981 4E 5] 2003 4FE ], HABHRAE 1 hm? 2247, 2Z )5 K@, 2008
AEIA3 19,7772 hm® , [FIEE, A A RE VR ZH 43 7 o HL A 328 7 48 K, 1981 4K 18. 38% ,2003 44 25. 85%
2008 4ERT L ik 81.67% , FE A AR Rl & AL, R A AR R FE W N R

FH A A R 40 2. 3150 hm®, AEAR R G2 (AT 5 BIAR K LI, 1981 5 70. 14% , 2000 AT
72.62% (% 1), {H7E 2000 4F VG, i FA0A IR o 19 STlRIZ AR 38, B b BT o5 1T 46 R R, 2008 44X
14.03% . AR PSR T H TSR 08 28 55 0 & R i 3 POl e 1) Tl &b T —Fh s I AR H AR BT A
FEHE I R R
3.2 AMHERRE S b

NI 25k # 1 1981 4E 19 3. 1565 hm? i/ &y 2008 4EHY 2.3915 hm?®, R T 24% . BT A A= 25
HREITTTER K, o5 A AR IR K L], 1981 4 (2. 4137 hm? ) (5 A4 A 7K 4TI 76. 47 % ,2008
A (1.8416 hm® )5 2] 77.01% , AP AREE S B /D, B Ik R R B K g NS R, ES R
GE AT E PR H s,

3.3 EBRRRSERRT
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