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ANalysis of a land carrying capacity index based on an expanded three-

dimensional ecological footprint model: a case study of Wenzhou

JIN Xiangmu, LIU Qiankun "
Land Academy for National Development, Zhejiang University, Hangzhou 310058, China

Abstract: The ecological footprint method was initially proposed by Rees in the early 1990s, and Wackernagel and
Niccolucei subsequently developed this method into two-and three-dimensional models. Ecological footprint models, as tools
to estimate the appropriation of natural resources by humans, are important to evaluate the land carrying capacity. Using the
three-dimension model, this paper expanded the footprint depth value range from =1 to =0, and the ecological deficit and
remainder were then analyzed. Using a modified three-dimensional model, the ecological footprint, footprint depth, and
ecological deficit (remainder) in Wenzhou City were calculated from 2000 to 2012. On this basis, the food pressure, water
pressure, carbon sink pressure, construction pressure, and land comprehensive load indexes were introduced to the
indicator system of land carrying capacity, and the condition of load carrying of Wenzhou City was determined. The results
showed that from 2006 to 2012, the ecological footprint per capita increased annually, and since the biologically productive
land remained unchanged, the ecological deficit worsened and a greater load was imposed on the land in Wenzhou City. The
footprint depth value ranged from 4 to 6, which meant that natural resource flows could not meet the demand of everyday

residential consumption, and natural resource stocks were extensively depleted. The food pressure, water pressure, carbon
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sink pressure, and land comprehensive load indexes were >1, which indicated that arable land, sea, and forest were
overloaded. Since 2000, the load, primarily from food and carbon sink pressures, imposed on biological productive land was

three times greater than its carrying capacity.
Key Words:; three-dimensional ecological footprint model ; footprint depth; expansion; land carrying capacity evaluation
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Table 1 Ecological footprint per capita of Wenzhou from 2000 to 2012

H1J Land use categories 2000 2002 2004 2006

EF BC EF BC EF BC EF BC
HFH Arable land 0.3261 0.0521 0.3458 0.0507 0.3395 0.0501 0.3386 0.0476
il Pasture 0.0197 0.0010 0.0205 0.0010 0.0234 0.0010 0.0207 0.0010
FRHL Forest 0.1488 0.0637 0.1502 0.0640 0.1516 0.0633 0.1499 0.0679
AE AR Fossil energy land 0.1389 0.0637 0.1875 0.0640 0.3457 0.0633 0.3810 0.0679
JKIK Sea 0.7454 0.1561 0.7917 0.1561 0.8453 0.1559 0.8083 0.1501
A% s Built-up area 0.0006 0.0081 0.0007 0.0078 0.0012 0.0079 0.0044 0.0092
St Total 1.4741 0.3674 1.6022 0.3643 1.8105 0.3613 1.8369 0.3675
f@% Ldnd use calcgories 2008 2010 2012

EF BC EF BC EF BC
Bt Arable land 0.3223 0.0466 0.3306 0.0472 0.3318 0.0461
il Pasture 0.0197 0.0010 0.0216 0.0009 0.0240 0.0009
HH Forest 0.1502 0.0665 0.1495 0.0664 0.1506 0.0651
AEATHREL I Fossil energy land 0.3902 0.0665 0.5181 0.0664 0.5164 0.0651
KB Sea 0.8376 0.1500 0.8760 0.1492 0.9149 0.1491
YL Built-up area 0.0039 0.0091 0.0052 0.0092 0.0051 0.0093
Jt Total 1.8210 0.3614 2.0167 0.3623 2.0364 0.3569
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Fig.3 Changing of ecological footprint and regional biological productive land area of Wenzhou
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TR T 2000—2012 4F Al A= 25 L T VR B AT 25 SR A 6 2 s, RN T IR AE 4 31 6 Z |28k, 1
SRR U, M T A 1SR R UL B A8 I AN BB S [ AR R R B, T AR I AR SR IR H AR X T IR M T A b
U 2Bk B A YA 77 25 1) 3—5 ARRY B ARBTIRAR R . Jr e Bkl Foh bRh A 0T R /K I 2
PRI T 1, Hob Bk 3B VR [ 2002 4 LORARE 76 7 2247, BB 52 BUIR N 17 X0 & 1) A2 5
JEIATEL 7 AT YA A T A, BE T EEAE 7 AR L AT AR R F AR BRI . H TN T AL L kb B
Hiu DX, Wb T R, T AR /N RO = S AR 25 BB i, B O™ M b e s , HL b TR T e R
1R I A T8 KT M i) fE ST ER BEATI AR 2 2 b RHB I JE S R B A 2002 4F 28 20 Jf R B Kk, b
A7 R FH B R B 2002 AEVARTAE 3 LATR 1 F 2004 4F LISk KRS A, A 2004 4ERY 5, 46 B % 2012 4F
1 7.92, I BRI M TR VR BE Y ORI Z — BRI AR TR R (H LA e R 28 5 R K F- DA
FREFERY AP AR S, AR BT A AR b S RE ) K IX AT HE LAY CO, ., 2000—2012 4 [H] |, 7K 8k Y AL 5758
JE— B AR R B, HBR ARS8 K MR T R R AR mp et K 7 i D e 2 7K 34 A 25 T i R
MR EZIRE, £ 1, di AR S R I R 28/ TR 7 a5 b 5 i 3002 R R AR 28 R i S Rl
VAR FH AR o Bk, T 2 TR N 7T S PR Ol b, R 22 15 F Mok [ B AE 7= B8 ) A ARl ol R
B BR S AG TN T L KRR T, Ay AR b A 2SR S R R R A SR AR T X
S SRR T M, PR A A 51 19 3 0 R4 e St 2 S B o A AR A P R e TR, AR S A RN
T AR 25 A 378 P 1 A FH b 4345 R T S s 18 P e e AR S TR A B, DT 8 I b S S IR B LR Xk 1( S
W#E2),

F2 2000—2012 FiB M BITERE
Table 2 Footprint depth of Wenzhou from 2000 to 2012

M2 Land use categories 2000 2002 2004 2006 2008 2010 2012
Bt Arable land 6.2655 6.8141 6.7822 7.1146 6.9123 7.0045 7.1964
Bl Pasture 19.3493 20.1804 23.2824 20.8770 20.2787 23.0053 26.3471
MHL Forest 2.3377 2.3478 2.3950 2.2089 2.2580 2.2531 2.3117
LA BRI Fossil energy land 2.1824 2.9315 5.4604 5.6150 5.8684 7.8075 7.9279
K3, Sea 4.7739 5.0729 5.4210 5.3842 5.5826 5.8707 6.1360
AV Built-up area 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
M3t Total 4.0123 4.3981 5.0110 4.9978 5.0384 5.5669 5.7054

33 ABBRGHESHFTF S

FEY S5 B = e RIAE AL T o R T SE B T A S BRSO F =g s —, HE R A
SRGEIR BB, A BB AR S A SR T NZE R GRS 906 sl AR A AR 7= o %) 75 SR 7548 1 DX el fit
95, DA RS Al B RN

ZHE 2, 853k 2 HORIBEREE IR R i A (11) L (15) ,%F 2000 % 2012 45 [H]3E M 1 9 2R 25 2
B ARFHAT T AL R NZE 3 B, 2000 & 2012 4EA] N T SA 24 TA SRR A, HA:
BIRF AW, 7E 2012 4EIA RN B 1.68hm*/ A, A EHE 2000 4549 1.11hm*/ A 38007 51.76% . WK FH,
TN T B A S AR R, A SRR IRTE B O A SRR I A, AN T Y kR TR I AR H AR R AT
ol A M P A DX 3L 2 2 ) A A AR SR, X b AR 9 DR I B N R T Y IR N T I AT R R
KA W T A - b R 2 T 2 T IR APk K

A 6 FEAEA e b BRI LN, oAt 5 b 9 4b FA SR RIS, Horp,
B 5 AR IR IR R E A R b K8 A S R IR AR B 3 5 M T R AR
BHBOT L MR S AR E BT SR, TR A™ il A AT RETEAS TS 0 (43 2 B A K
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Table 3 Ecological deficit ( remainder) of Wenzhou from 2000 to 2012 ( hm?)

M2 Land use categories 2000 2002 2004 2006 2008 2010 2012

i Arable land -0.2741 -0.2950 -0.2894 -0.2910 -0.2757 -0.2834 -0.2857
il Pasture -0.0187 -0.0195 -0.0224 -0.0197 -0.0187 -0.0207 -0.0231
PRHL Forest -0.0852 -0.0862 -0.0883 -0.0820 -0.0837 -0.0832 -0.0854
A7 BRI HE Fossil energy land -0.0753 -0.1236 -0.2824 -0.3132 -0.3237 -0.4518 -0.4513
K35, Sea -0.5892 -0.6356 -0.6894 -0.6582 -0.6875 -0.7268 -0.7658
YA Built-up area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AT total -1.1067 -1.2379 -1.4492 -1.4694 -1.4596 -1.6544 -1.6794

EBRF RN, SRR IERER

3.4 LMK E B
RAEA(20) (22) ((23) (25) . (26) FHEAFHIEM T 2000—2012 445 FEHLE, A3 4.

R4 2000—2012 FiRM T LA NIEH
Table 4 Land carrying capacity index of Wenzhou from 2000 to 2012

ii&;iiﬁ :‘Eﬁ'ﬁmity e 2000 2002 2004 2006 2008 2010 2012
T 6.2655 6.8141 6.7822 7.1146 6.9123 7.0045 7.1964
T 4.7739 5.0729 5.4210 5.3842 5.5826 5.8707 6.1360
Lo 2.1824 2.9315 5.4604 5.6150 5.8684 7.8075 7.9279
Dyt 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Lmprehensive 4.0123 4.3981 5.0110 4.9978 5.0384 5.5669 5.7054
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O 208t X R A 7= 8 8 5—6 %, X SR T < 1t —oK—43 F ™ B 9R ZE LA K s R4 i 19 A6 3 T 2 K
A, JE BRI R AARWIRG N, LLSHE PR3 B ) 5400 9% 52, 2 M TR £ e ) 18 BG4 1 (R 3
R /INI FR 2R A

T TIT M AR Y VA b DX R R R s K S R A B L K A IR B R R T AR K R KRR
TN T K B2 U5 R de Eicdss . AL 2000—2012 4F[], 7K B8R S P8 B0k b 5 b Fh#a#, 2000 44 4.77, 2]
2012 AR F e 14 6.14 3 U Ja BEXT 7K 7= Sl 10 1 6 et ok 8 A, 5 L ST LA 3R T ki 4 T i 61 VA o b T
T TR AR R IR S T DRI B T T 7K o 3 2 e B, K S AR b | e T K 5 U
FRE NG A BTN

2000—2012 4 ik T bk ) T BRI AR RS, EL 5 FH Ak A o %) 250 B 0 20 AT 184 T 36 e 45 e Y ) 46 5
ASWrFH =5, DL 2000 4EF4 2.18 FHE 2 2012 448 7.93, H H 2004 4= LRIEM T CO,HERCE B 448 i3 Hi L g
B3I 4—7 %, FERRIC I, MR A T 5 RS

2000—2012 4F JRM T T HbZR5 AR FE 0B AR TR, B 2000 4R 4.01 FHE 2 2012 4R 5.71, XU
Bifi 4 30 J LA RN T A S R B PG R R | s BAR TR KO AN T 2 15, 4525 AR 98 R 2% 0T b B 1 i i g AN
s n , 4 3 ) AR R BE ) B 28 N RE S i H SRR T 9%, DX 4 O ) 28 Y H A R 3R T 1 3—S5 %,
b Ab T E AR ECIRAS . B AT AU, B R H ER N T 0 R R N 2K R T E 3—5 A AR
T Y A M T RROR S

Al VA 115 e L2 6= A p g5 g O Wl LA 5 L T R B S8 o A S T 7 N
il R 2 SRR, T AT R 2 A B b R SRR ) AR 2 B b P s A A FH S o Bk, SR
2148 P AV BV E KT LR SR B A T ol K, PR UE TR T B B AN IR D R R e, AR AR TR R
IR FE B, DA AR, YRR S L 37E o b A PR B, SRR b B A 1, DA AR IR
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