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Ecological footprints: Calculation and analysis of ecological footprints from
1999 to 2001 in Liaoning Province

DONG Ze-Qin'?, SUN Tie-Heng! (1. Institute of Applied Ecology Chinese Academy of Sciences, Shenyang 110016, Chinas 2.
Graduate School of Chinese Academy of Sciences, Beijing 100039 ,China). Acta Ecologica Sinica,2004,24(12) :2735~2739.
Abstract : Measuring sustainable development is one of the frontiers of ecological economics. The present study aims to
determine whether the ecological carrying capacity of nature can satisfy human beings’ needs by quantitative indicators.
Ecological Footprint Analysis is a new method for measuring ecologically sustainable development. The method is used to
calculate ecological footprints from the facet of need and the ecological carrying capacity from the facet of support. From its
results, we can judge the sustainable development situation a country or an area is in.

This paper introduces the concept of ecological footprints and a calculation method, and calculates the ecological footprints
from 1999 to 2001 in Liaoning Province, and analyzes the laws and causes of the vertical changes in its ecological footprints.

Liaoning is a heavy-industry province in north-east in China, it was famous for its machine-building industry in past years.
Now , it is facing some problems in the process of development. This paper aims to find out what the primary problem is and
what causes it, by way of ecological footprints.

Research results show that the ecological deficit of Liaoning Province has gradually increased over the years, and from
2. 290 to 2. 474 hm?per capita from 1999 to 2001. The ecological footprint per capita over these years in Liaoning is 2. 870hm?,
2. 945hm? and 3. 049hm?, and its ecological carrying capacity per capita is 0. 580hm?*,0. 577hm? and 0. 575hm? respectively. The
ecological deficit in 2001 jumped 3.4% above that of the previous year, and in 2002 it jumped 4.5% above 2001. Through
analysis of the factors influencing the ecological footprint of Liaoning from 1999 to 2001, it was found that among all the
factors, the rates of consumption of fossil energy are all over 50%, creating the primary factor.

Apart from the main causes of over-consumption of fossil-energy, it was also found that arable land, forest and pasture
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land had become reduced and built-up areas increased which is the other main cause for the ecological deficit in Liaoning. This
paper also provides some measures for solving the problem in Liaoning Province, and a model for sustainable development and
economic promotion is proposed from the research results.

Key words :ecological footprints; measuring sustainable development; ecological carrying capacity; Liaoning Province
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B 1987 (RATH A RFOME P HRBHTHERRHOREE  TRHEXREXARN SRR RE. X THREE
BEER A RANTHEMNARL. R E 20 #42 60 ERFA R HAARBR—EEZ NER AW R BT ETRERROIET
HERD, Hh Wackernagel 2532 ) 5“4 75 2 38 (ecological footprint) 3478 ” S B RAETE R UREALKRBLTH
EBREHEARNBEEAZAY. ERASBIARHLA  ERARTH—FEHMHES TN E.

LTFERREME T L5 40T HERRRARIE T B R0 Bbrz—. BT A F4E % 052 50 57
I PR BF T T4 A A5 i (2R AL AL, R SRR, 4 R TR SR BB Yo SR R S T R R R R AR BR
1 IFHEEREFIHE ®1 TTFETHEEWEFER

WIEAES B MES REITE F 18, 33T T4 1999 Table 1  The biologically productive area provided by Liaoning
££,2000 4F,2001 4F 3a @A A BB HEAT THE AT G Bsg  Province

BEBRN THRFTTHES BB SRS LA tappm  AMER(hm?/eap)Arca per capita (hm?/cap)
BREERMER. ORI E 2000~2002 41T T4 %t Type 1999 F 2000 & 2001 %
4 gele~al ) pa A 4y Bl 3. 41032000 A, 41353000 A #t#h Arable land 0.1015 0. 1007 0. 1002
HEH Pasture 0. 0093 0. 0093 0.0093
41470000 A, REGRL: 9 22 9y 25 7 FAUBUER AR 1. #hHs Forest 0.1372 0.1372 0.1372
ILTHE 1999~2001 FASEBMIHTEEEGLEREIBD: %% kB Sea 0. 0152 0.0156 0.0164

EYFRHE K, QORBRHE K.

YRR Sk P B ARG YR RS KRAAMERE  EPRREFHRFENREATEFRAKSE
WA ER 1993 EIMERAXREYR B A FH=ERAIRAX - ARFEEERDTHEHESRTUSTESHE,
X 53X 2 6 g ) . T4 1999 45,2000 4F,2001 FR A4S RIB AW FEEK P HHESRIE 2,

F2 ITHESREHHEWRFHEBRKR

Table 2 The ecological footprint’s ledger of the biotic resources in Liaoning Province

2Ty £ ERi# (hm?) AR #E (hm?/ cap)Footprint R
% = 8 (kg/hm?) Biomass Gross footprint per capita HEE
Type 1
Average output 1999 4£ 20004 2001 & 1999 4 2000 4 2001 £ 1999 4F 2000 4E 2001 4F Type

K7 & Products

/h#E Wheat 2744 592400 354100 157000  215889.21  129045.19  57215.74  0.0053  0.0031 0.0014 #i#h Arable-L
T2 Bean 852 148326 230823 382009  174091.55  270919.01  448367.37  0.0042  0.0066 0.0108 #i4s Arable-L
K% Rice 2744 4158400 3754700 3412000  1515451.90 1368330.90 1243440.23 0.0369  0.0331 0.0300 #ih Arable-L
E ¥ Maize 2744 9882700 5478800 8337000  3601567.06 1996647.23 3038265.31 0.0878  0.0483 0.0733 #fib Arable-L
# ¥ Potato 12607 510300 614900 547000  40477.51 48774.49  43388.59 0.0010  0.0012 0.0010 #fH Arable-L
K& Soybean 1856 401800 487000 567000  216487.07  262392.24  305495.69  0.0053  0.0063 0.0074 #ih Arable-L
HE Others 3800 879000 1138300 879000  231315.79  299552.63  231315.79  0.0056  0.0072 0.0056 #iih Arable-L
¥ Surgar 4893 45000 21000 40000 9196. 81 4291. 85 8174. 94 0.0002  0.0001 0.0002 #tH Arable-L
1t Cotton 1000 4574 5604 7508 4574. 00 5604. 00 7508. 00 0.0001  0.0001 0.0002 #ti Arable-L
K Oil 1856 192797 293457 461817  103877.69  158112.61  248823.81  0.0025  0.0038 0.0060 #iy Arable-L
#%8 Tobacco 1548 27700 27982 18240 17894.06  18076.23  11782.95  0.0004  0.0004 0.0003 B Arable-L
#H Sugar beet 18000 263581 286894 355910  14643.39  15938.56  19772.78  0.0004  0.0004 0.0005 #fH Arable-L
7" & Animal products

P27 5 Meat 33 2211000 2324035 2453433 67000000.00 70425303.03 74346454.55 1.6329  1.7030 1.7928 #H{ELHh Pasture
#155 Egg 400 1344000 1403100 1483600  3360000.00 3507750.00 3709000.00 0.0819  0.0848 0.0894 H{Fifh Pasture
44 Milk 502 182000 188800 243300  362549.80  376095.62  484661.35  0.0088  0.0091 0.0117 #H i Pasture
# 7= 5 Forest products

A#t(m3) Timber 1 1272700 1234100 601900  1272700.00 1234100.00 601900.00 0.0310  0.0298 0.0145 ##th Forest
K$ Fruit 18000 2544000 2477612 2399954  141333.33  137645.11  133330.78  0.0034  0.0033 0.0032 Akt Forest
K=& Acquatic products 2.8 3132000 3162529 3227776  1118571.43 1129474.64 1152777.14 0.0273  0.0273 0.0278 ¥ Sea
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Table 3 The ecological footprint’s ledger of energy in Liaoning Province

2RTHER FEREK HRE W AHRE (hm?/ cap)

S RG]/ hm?)  (G]/©) Consumption Footprint per capita EFEEE

Type Average footprint Coefficient 1999 4 2000 4 2001 4F 1999 4F 2000 4E 2001 4F BER Type
# Coal 55 20.9 97137200 105831100 105622200 0.8996  0.9725 0. 9678 AL #%6t +3 Fuel land
£ 3% Charcoal 55 28. 4 8775800 8781100 8981400  0.1104  0.1096 0.1118 AL T #A% 1+ #b Fuel land
JE# Crude oil 93 41. 87 29122900 35417300 36693900 0.3195 0. 3856 0. 3984 A KL 1 3 Fuel land
XM Gasoline 93 43.12 744200 1489600 2312900  0.0084  0.0167 0. 0259 AL A #A % 13 Fuel land
M Kerosene 93 43.12 207100 182600 178800  0.0023 0. 0020 0. 0020 AL BB 1 i Fuel land
S5 Diesel oil 93 42.71 1418500 1960600 2788100  0.0159  0.0218 0. 0309 AL F #A K 1 4 Fuel land
#2%L M Fuel oil 71 50. 2 1910500 942600 —1753200 0.0329 0.0161 —0.0128 LA 3 Fuel land
# 7] Power 1000 3.6 71451000 74872000 76379000 0.0063  0.0065 0.0066  EELAHE Buildup area

2 ITFHESEEEUSH

F AP BEAE 1999~2001 F 3a LT EAESERSESRBIITELER,

(1) WIHBZRATLIEH T T4 1999~2001 4 3a A¥AEZ BB4 5124 2. 870 hm*,2. 945 hm?® fl 3. 049hm?, B B & 4F
HOH RS B T A A SRR I 4 H)H 0. 580 hm?,0. 577 hm? il 0. 575hm?, EF B E T EME;3a WARESKFEERAEK
J&,2001 FEAE S ARF L 2000 SEHEIN 3. 4% ,2002 4E AR T X H 2001 483800 4. 5% . £EBKFHFERAALN ARANEZME
BT HASERREHWIEHE.

R4 ITHESETSESABATHERILER

Table 4 Ecological footprint and ecological capacity of Liaoning Province

AE4EA BB Ecological footprint per capita A& 1 Ecological capacity per capita
ABmEmHR BEE T BEER ABER EHET HEER
THEE A, per capita (hm?/ cap)  Balance Balance area (hm?/ cap) B kS Area per capita (hm?/ cap) Output Balance area (hm?/ cap)
Type Type
1999 4 2000 £ 2001 & factor 1999 £ 2000 4 2001 4 1999 £ 2000 4 2001 4 factor 1999 4E 2000 4£ 2001 4
L 0.1498 0.1107 0.1366 2.8 0.4194 0.3100 0.3825 B 0.1015 0.1007 0.1002 1. 66 0.4718 0.4681 0.4657
Arableland Arableland
b 1.7236 1.7969 1.8939 0.5 0.8618 0.8985 0.9470 =il 0.0093 0.0093 0.0093 0.19 0.0009 0.000% 0.0009
Pasture Pasture
B 0.0345 0.0332 0.0177 1.1 0.0380 0.0365 0.0195 ﬁﬁ: 0.1372 0.1372 0.1372 0.91 0.1373 0.1373 0.1373
Forest Forest
3 CcO
ﬂ_’,EﬁEﬁ 1.3891 1.5244 1.5239 1.1 1.5280 1.6768 1.6763 2 Bl 0 0 0 0 0.0000 0.0000 0.0000
Fossil energy CO,
Eﬁmﬁ 0.0063 0.0065 0.0066 2.8 0.0176 0.0182 0.0185 RAEE 0.01 0.01 0.01 1. 66 0.0465 0.0465 0.0465
Buildup . Area
¥ (
B Ok 0.0273 0.0273 0.0278 0.2 0.0055 0.0055 0.0056 ¥ Ok 0.0152 0.0156 0.0164 1 0.0030 0.0031 0.0033
%) Sea 1) Sea
)\ﬂjim’iﬁ . . 2.870  2.945  3.049 Aﬁi,u&ﬁﬂ . 0.660 0.656 0.654
Ecological footprint per capita Ecological capacity per capita
0,
mii%z#ﬁﬁ?mﬁ(lZA) 0.079 0.079 0.078
Area of bioversatility
AR AMASESER

. R . . 0.580 0.577 0.575
Available ecological capacity per capita

« BUEA . W HEFER A SO R T E B, 6 TR A SCRRE 822 The value of building area and output factor and balance factor
were all from references(18-22]

MAEBRA SR B 8, FTUHERER A A SR B M EA RRAES Bl P HEEKESERERHER T
HE 3 i 5 WA, BT LR o 76 T A BT B — N X T R MR . R R R AT L TS 3a WASKRFEAR MK, L8] B



2738 £ B ¥ R 24 %

RMEBEFRRTEWEALNEE . BVCSBE TRESRKREN EUIHTTFENTHEERTE. WEHTASRE
BEHESGNEFESRRAFNE, . MAKESEF LS HARMAEFT @A — LA RERBHRASRE, Bkt 8 e RE R —
A R AT X BB AL TR T AR .

(2)#R & Wackernagel % #yi+®0S™), shH 1997 FMA AR BB X 1. 2 hm?®, A E BRI N 0. 8hm®, A4 B AR
FH 0.4hm’, MAREHWH S, 1997 FHABAESETR 2.8 hm?, 2R AHESKE NN 2. ohm?, 2BRABERFKFH
0. 8hm?, THiT T4 1999 £ A AL EH K 2. 870 hm?, & 1997 EHE AHES BB 2. 4 5, ABWESHRFNMK 1997 £
5.74%,

HEEH ITEEIETLE, BN ARKAFREER TLEVHKT FAEESETEWE T .6 88T
BRI, INE 1 iR, RAREEENEK BB ESFTASESFRNEK BREREFITTH 3a WO ERH
HEXESRENBHEELT 0%, BFEESRFHEBRWME R, KK, KEHb &, 206k B 8 80 F g 5 A 1Y
R e AR B, RAERKRTI S KRB RMEE., EARBNEAGERTIITE B0 ERERR TR H4E8R
ROIFEHNELE -HEEERRARAFENERERN P, XTRSHEAN TR A HHR L FIMX.

(3)FCGDP A S RBHAT N THREWBKBRITE a1 #H Arable land a4 {LEHEY Fossil cnergy

> 4 ST s — w2 THh Pasture =5 FFAH Buildup area
WA E R AR, BB BT 74 1999~2001 4F 3a i o3 ZEHk Forest a6 ¥PE (KM )Sea
Ji 7 GDP 475 B 4F H14 : 2. 82 hm?, 2. 61 hm? # 2. 51hm?, 1999 41 i L5 5 4 B E H o
FXGDPAZEATEHESMENZTARBRETITEX 3a il The rate of influencing factors in ecological footprints in 1999

0% 15%
ERESKBAEYEFARANANERENBEERE. ZRS an e

EERBEREORBFREA I THEFRBERESE FTFFE. ™
WEHMHBEFEEZRSHT, mREF AR RHEAT L
ERBRAIREY SR . RFBERE, LT GOP MASRE 1%
BRRBLAAN , H HB A AR BUR POl 25 R ARSI 2000 FERBELWARLAE
The rate of influencing factors in ecological footprints in 2000

EBLHBR, TURFMNRBERCHEEREOMHRR. X % 0% 11%
WHENET LR ITENRRDARRAARRNEIN. 3
3 IUTETHEEZRMKRGHEE

T T 1999~2001 4 3a A A BB AL AR B,
TTEEARFHEEEEFFEETAT IR MR KW FEER
SF 1 48 Y 0 K 3ok BER PR A B A B W AR B 3 L S nemwofﬁgcﬁffﬁgifgiﬁgﬂtprintsin2001
BAAMBRAMENE, LABENRAHE BRASRHER
BRI 3B , B EE B W R I T R .

HEUERGETVREABRERX S EMERE B, LT84
HHASBHSERITENESHE, HEREAF L4
M AT . J7 70 GDP A2 B M B ST 810 38 ol R i
FAFRAURE - ENETHK, AW/ L ENZE B AR B
KR2F—NMAARLIABRRKEFRBOES AL TIULT  Fig 1 The rate of influencing factors in ecological footprints
BRI, LA HFEEMBR, MK FT THN TSR TNA
R R AR AREE, MR TS TR MAFAA AN TR LR RERI EENUTIATEEE
BT AR

(D) REBETWHRKES RABHEAR, EBEGHEL AR MR Tl /7R, 32 5 5 8RR BE

(2) BBRBRT & RR Sl 2e AR RACERKEY &/

) BHEMAREREFE, FRPHTEARE, XS XA ARTEIERBEFTREEFRNEEIRY.

O RBAMTHEEMEEERIR. BT RETARMESEEMERERD, & RTREENRYHEBOR LD X 2N
AD E#ROAERAR M EEBREXNBTEHEENRT.

5) BELUHEARKFE, RABEEFLYS, RBEBREN BT RE-=H-THERF WL BER XRIATHRER
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4 HRiF
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