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Calculation and analysis of equivalence factor and yield factor of ecological

footprint based on ecosystem services value
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1 Experimental Center of Forestry in North China, Chinese Academy of Forestry, Beijing 102300, China

2 National Engineering Research Center for Information Technology in Agriculture, Beijing 100097, China

Abstract: Equilibrium factors and yield factors are important parameters in ecological footprint model. The existing
researches on the parameters of ecological footprint model were mostly aimed at large scale areas on the basis of material
production and consumption. The material evaluation can’t meet the requirements of ecological carrying capacity evaluation
with the construction of ecological civilization. This article proposed the concept and model of equilibrium factors and yield
factors based on ecosystem services value. We took Mentougou district of Beijing as an example in 1990, 2005 and 2015 to
study the ecological carrying capacity and ecological footprint of forest, cultivated land, and water area in ecological
conservation development area. The results are compared with the general factor ecological footprint model. The results
showed that (1) the equilibrium factors based on ecosystem service value was water>forest>cultivated land. The equilibrium

factor of water was much higher than that of other ecosystems with average 8.37. The equilibrium factor of the cultivated land
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was the lowest, and its average was 0.24. The equilibrium factor of forest was higher than that of the cultivated land value,
and its average was 0.71. The results showed the difference of ecosystem services’ capacity of different ecosystems. (2) The
yield factors of different ecosystems were close to each other, but they decreased year by year. The average yield factor of
forest, the cultivated land, and water area were 0.87, 0.90 and 0.86, respectively. It showed that the ecosystem services
provided by Mentougou ecosystem failed to reach the national average level. (3) From 1990 to 2015, the ecological carrying
capacity of Mentougou district decreased firstly and then increased. The ecological footprint increased at first and then
decreased. The ecological deficit was found in the study area in 2005. The ecosystem service carrying capacity of the forest
land firstly decreased and then increased, and it had decisive effect on the ecological carrying capacity due to the
advantages of forest resources in Mentougou district. The ecological carrying capacity and ecological footprint obtained by
ecosystem service value were smaller than the results of the generic factor ecological footprint model except the water area.
The equilibrium factors and yield factors based on ecosystem service value can well reflect the changes of ecological carrying

capacity and ecological footprint in the study area compared with the traditional ecological footprint model.

Key Words: equilibrium factors; yield factors; ecological carrying capacity ; ecological footprint; ecosystem services value
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Fig.1 Study area
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PRAE 2015 4F i3 8.90, FeARAE H BLAE 2005 4F | Jy 8.01, Hib (28 4k 355 0.89, kb Ay 128 fb /)N, %
BB 2005 4E 3K 0.25 , SR HIIRTE 1990 4E 24 0.23, WEAE S ANy 002, Al i 34 46 P 7t A el
FWARAL, B BLAE 2005 4F, R 0.74, S ARMELH EAE 2015 45,28 0.67 , HIEE AR L 0.07, XF&RAERR
4t M B DR 2R A T AR AT RN KR A 18 A R A v, S SA(ELES 21 8,37, Mk RN Ml Y B A R 22N L
ML I8 -5/ SR 0.24 b it 246 R -SE- 2918 R 0.71

R 1 14K 1990 ££.2005 £51 2015 £ 3 MAESRENERT
Table 1 Equilibrium factors of different land types in Mentougou in 1990, 2005 and 2015

HEBRGEA IR ¥IfH
Ecosystem-type 1990 2005 2015 Peak change Mean
B Forest 0.73 0.74 0.67 0.07 0.71
HFHL Cultivated land 0.23 0.25 0.24 0.02 0.24
JKIK Water area 8.21 8.01 8.9 0.89 8.37
32 T
BT PIRBFFE R A S T 1T X 1990 4F 2005 4FF1 2015 4F (9 At Bkt FK =28 E S R 45

T, R 2 ATLUE T, TTRI1X 1990 4F 2005 4EF1 2015 4F 3 84 8 R G0+ My 7= & A 1 22 031
BN, HASME SR, 298 1990 4R 6, Hi ol 2005 42015 4R 5%, Horbolk s 09 7 i 1 e s, P31
A[3K 0.90,1990 4FEdR H, A 1.13,2015 4R8Ik, R 0.75, HUCH MR P~ 7 SF39(E R 0.87 M il 1.1,
HIAE 1990 4 FeAIRE HBLAE 2015 4, 0.73, K3 =t R AIX, P31 R 0.86, Hodw =i i H BLAE 1990
AN 1.09, S IRME HVBLTE 2015 4,50 0.72, RS RGN £ 1= 5 AR 10 22 088/, S5 KN Bk b, 4 (.
Ak R 0.38 Bl FI K B f (A8 Ak 2 R 0.37

F2 dbFET™ 1990 ££.2005 702015 E=EMETREN~ERTF
Table 2 Yield factors of different land types in Beijing in 1990, 2005 and 2015

ARG HH < 611
MHL Forest 1.1 0.79 0.73 0.37 0.87
Bt Cultivated land 1.13 0.81 0.75 0.38 0.90
JKIR Water area 1.09 0.78 0.72 0.37 0.86

3.3 RIS B A A L I

DL R 28 SR R Sl AR 2.1 A2 R RIS 1 AR 2 A sl 3 TR B A= 25 R 38 Ak
DGR3, B3R 3 A, TG A KT N 1990 43 2005 /0 T 25.95% , M\ 2005 4F3]
2015 AFHEIN T 21.29% ,BARBEAK T 10.19% ; AIIAZS R M 1990 4F-5] 2005 4425 T 3.20% , M\ 2005 4 3]
2015 AEFEAR T 11.62% ,BEARFEAR 8.79% , S AERIREL T M 1990 4 F] 2005 4980 T 24.90% , M 2005 4F- %]
2015 4EHEIN T 36.50% , HEAAHE R T 1.66% ; A2 B3 1990 4F-2] 2005 4425 T 5.74% , M 2005 451 2015
AEREAR T 2.37% , BEARFEAK 3.23%, 78113k 78 X AR A5 7R 38 00 A AL 25 1 300 1 R 5 i b, b b T o L 81 e K
1990 4F, "1k I IX A 4%, 2005 4R X A AR ™ 5, £ 2015 4F, K NIRE A BB AR . AR 1)
FHZS B A SR PIRBUARTE] . 1990 45, X PRI Bk FIK 38035 0 A4 A5 4% 52005 45, =l FH 2R L 43
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Table 3 Ecological carrying capacity and ecological footprint of land use types in 1990, 2005, and 2015 in Mentougou district

L 1990 2005 2015
Land-use type ECC EF ED ECC EF ED ECC EF ED

AR Forest 98293.78 89357.98  8935.80  73821.07 9344439 -19623.32 100766.78 91606.17  9160.62
HH#t Cultivated land 1822.65  1612.96  209.69 36.54 45.11 -8.57 33419 44559 -111.40
KK Water area 1982.90  1819.17  163.73  3608.85  4626.74 -1017.88 269271 3739.87 -1047.16
1134 X Mentougou area 102099.32  92790.12  9309.21  77466.46 98116.24 -20649.77 103793.68 95791.62  8002.06

ECC. =K E T Ecological carrying capacity; EF; He 75 R Ecological footprint; ED: HBaRE Ecological deficit

3.4 BSOS R A

S P P DR A 25 A AR 20 3 T Sk X 1990 4F 2005 4E 1 2015 4F f 45 25 R 76 5 4 250K 3 77
I G I T D RGOS WA BRI i DR 7 A0 5 R 1 4 A 25 2 b B R 468 SRR A5 b e, EL AR 133 1 L 3%
4, F 48R 2 AR R A 1] Sk Y X Y A R B R AE S K TR T A S RGR S
(B A 25 R I AR AR AR L HLrpObR b RO b ) 2 SR 3 AR 28 B S R TR TS R G M55 4k
AR AER LG R (R K A R A S B 2 S NTF R T A S R GRS M B A 25 2 i AR T
BEERL UL T A 25 R IR A5 U (i A 2B 25 R iR TN /K 3 A\ A TR PR BE A IR R, R T4 40
e 25 SRR AR 1] S 98 X AR S B Ay . F TS A 72 R 1, DK SR A A S B A/ TRl 0,

F4 TLHAREARFESBETERNESRENRESE T IHTHELE R/ ghm?
Table 4 Ecological carrying capacity and ecological footprint of land use types in 1990, 2005, and 2015 in Mentougou district based on

generic factor

M I 1990 2005 2015
Land-use type ECC EF ED ECC EF ED ECC EF ED
it Forest 616937.28 342742.93 274194.35 645150.29 358416.83 286733.46 632459.02 351366.12 281092.90
Bt Cultivated land 9257.01  7714.18  1542.84  238.19 198.50 3970 2450.73  2042.27 408.45
JKIH, Water area 44.32 44.32 0.00 115.52 115.52 0.00 84.04 84.04 0.00
13K 741X Mentougou area 626238.61 350501.43 275737.18 645504.01 358730.85 286773.16 634993.78 353492.43 281501.35
4 iFig

(1) SA[FEIBISE Az 2 AR R R 5% 1

AR i H 8 Wackernagel Fll Rees"™ W 58 A5, FLX M5 R 720 30 o0« bR 2.8 8RB 1.1, /K38
0.2; 7= [N 770 g bk 1.8, Bkt 1.2, K38k 1, Aot Rl st (9 24468 D735 R AR SCIFFE 4 2R, K S i 2
i PR T A AT AR I A R 71 1742 38 R 5 19 7 d DR 280 R 7 i 1 A 28 R e IR 55 M (B AR A5 7
BT 2 aF 2 Gett E N 5 HTEERT 20 19 3CHE & IR RIS P9 245K FH I B4 4685 R 7 R = ik R 7 A AR K 25
S TEARHE B A K IR = AR S RGeS A b AR A B R I R B B B PR A PR, DR 5 AREgE
BRI MR b R b 4 685 PR K T BRI, K R4 8 TR i T fE . = AV E S RGeS AR - i R L T
FARAE . 1% AR 32 2R 7 SO P PSR e ik (s e 5500 i A 22 3 A e ) 2 7
SRR b 5t T X Ay PR R B PR R B AT 5 R BB 7 g 47 PR 25 sy | A b RTIR 76 PAL A, AR
P R A B A i PR 5 X B AR S A R AL, K i R AR, A R B TR TR AN ]
1AL, BEHK A S R R S5 3 R T H KR KB T 152 R R EHI A H R, R TAESREMRS M
(BRI A 1l 18 77 i DR 5 T R A 77 0 AR AS AR b ™ PR - 2 SR L, D BB b 1 A 25 I 55 (L 5 H
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Table 5 The comparison of different ecological footprint model factors in different studies
Yy IR 7 Equilibrium factors P A F Yield factors
AR IES B e COURE R KBRS L o o AORE AR

Land-use type Liu Moucheng  Average of Liu Moucheng ~ Average of

Maximun Minimum ot al this study Maximun Minimum ot al this study
PR Forest 2.23 0.88 0.60 0.71 1.20 0.91 0.59 0.87
HFHb Cultivated land 3.16 0.76 1.30 0.24 2.24 1.66 0.83 0.90
JKIH, Water area 0.48 0.37 0.48 8.37 1.00 1.00 1.94 0.86

(2) BT A RGNS B (EARE 145 45

A DR B DA A A SR R v Y ER S B A S IR R Ry 3.4 WESES R AT
R 5] o3 P ) 42 2 R 5 R DR 5 S AS IR S T B0 171 K 9 XS g 4 PR ™ i DR 1 AR 22 B0k, I g £
INRUBEWFFE AR 25 R 308 R AR 25K BT I SR T L Btd T BT S8 R, 25 5 SEBRIX A AR R 2251, FE TR RS
Il 55 B9 2 4 DR A0 S TR O AR, ST A E 2 AR S R GU 0 2 P AR S D RESEAM -, AL RERS A B AE S R GE Ak
B A = i O BE D i RERE A B AR A L 7 = i BRI Ol . ARS8 i N ikl 24
S RGBT A A5 R GUMR 55 00 A 2 A sl A T2 i [R5 AR PR B3 v, Sy DA 285 55 4 R A 2
AR XY A S AR ARBE TR BTk ML B AR

LT S R GUMR 55 (A4 K S A TR 32 v T He Al A 25 2R 8 T s 28 Y g 339 i R 5, BRI vk 8 23k
TE T KSR E S R GRS HIBE ST o AT IR 2 4 TR e TR, SR R T AR AR R A S O™
AR (AR SR R A R G S5 IO RE iz v T, DR BB st R ARAR ™= it iy, (E % IR AR R S R 4
W55 (W RE T BRI A N F i, ©A BTSRRI 398 R AR, A28 5 S2 i lE) s, D s o e
TR . ARFFEEUR T, =R A S RS R ¥ N B8RS E , SE A S —E, R
PRF B S ASE N T KA 1l 09 2528 0 b T B Ak Ry — X B R AR T A . R T AR S R G R 55 I (B AR MUy 7
o R B AR I, U I AL BT 14 28 A IR T A P2 A K DA v S BRI 5T DX AR 253
S ECR AT, Unn] S 4y £ T+ IXC A = M A 7= R b X N AR S PR, SR R T I A RGE A

(3) AT IR L B X AR 2SR 3 52

FAR BT RS D 1Sk 18 DX A AR O AR S R s i, 1Tk XM T AR I, 2 X N AR S TR
JEE DR NS 011K 8 DX AR 2SR B B R WAES 2 VR A DX N 2R 28 R G MR 55 o 7 Y B A 2
ARG, XN Z 1, KR A 7R XI5 e S v A7 AR IR 55 B AH 0 e, F2 AR B /K B R Y 4
B, LSBT R XTI SK B XA SR B AR, 1990 4F 2 2005 48, 1773k 38 X2 5F FIN R &
J& XA 3SR 5 2006 4E 3 2015 4R BEE XN 28 TR A5 F R RS | AR 28 0F K el B AT Bl 2, (H RS A
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