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Abstract; In this study we analyzed the existing problems of previous emergy ecological footprint model in terms of emergy
density, ecological carrying capacity, ecological index classification, and integration by comparing with the existing emergy
ecological footprint models, and summarized the results. Then, we established a system for estimating ecological footprint
taking into consideration the consumer’s perspective and supply scenario, and developed a more effective solution to improve
the emergy ecological footprint and ecological carrying capacity model. Based on the improved model, the change
characteristics of Hainan’s ecological economic system from 2000 to 2016 were analyzed empirically. The results showed
that; (1) the footprint of energy and biological products have increased dramatically, whereas pollution and construction
land footprint remain stable; (2) production carrying capacity has increased owing to technological improvement, and the
environmental carrying capacity has decreased owing to increased human occupation intensity and environmental resource

utilization; (3) the overall ecological environment of Hainan shows ecological surplus, but pollution and energy surplus has
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decreased, and energy began to appear as an ecological deficit in 2011. Through the construction of footprint accounts, it is
possible to track changes of the emergy ecological footprint, ecological carrying capacity, and ecological surplus/deficit of
various accounts and various land types more clearly. An enhanced emergy ecological footprint model could reflect the
regional ecological economic system more objectively and provide the basis for development of regional environmental

management and protection.

Key Words: emergy ecological footprint; model improvement; footprint account; Hainan province
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Table 1 Comparison of different emergy ecological footprint models

fom HZS T Ecological footprint HARZEK T Ecosystem capacity 1@1;&; LIRSk
Vodel T e e 53 (5 Number of  Typical
Ttem emergy Emergy density Item emergy Emergy per area papers papers
FEAD 1 Model | JH %75 H BE(H RIRTEHEE DX 3 F] 3 B R (R ARRAE(H 2 B 13 [19-20]
MRS 2 Model 2 14 25350 F REfE LERAEH % L XA S B IR AR IR AE(E B BE 1 [21]
BRI 3 Model 3 1425351 H fiE {4 AERAE(H 2 AL DIl i 15 H BE(A SRRAE(H 2 B 5 [22]
Boma Mol WOHES  Gietmnr PRI g 2 (23]
BiAL S Model 5 TH#%301 H AEfE X R B 2 DX sl B B U AE L BRAE(E 58 [24-25]
AL 6 Model 6 {4 9435 H fig(E AR RE (% [ I AV A XA RE (% 18 [26-27]
AL 7 Model 7 VH %35 H A DR REE L DI 0 H REfE LR/ A FE AR 6 [28]
% 8 Model 8 {14 9% W H figfH AR BB % X35 I H RE XA BB (A % 1 [29]
BOWO Model 0 24T H gl o PO g 3 [30]
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1.3 RE{EAE S A AT AE 1Y BEIS Bk
1.3.1 fefa% R
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Fig.2 The energy of ecological economic system
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Table 2 Renewable emergy of the country and Hainan

. RS 4= Nationwide * 5 Hainan province
ftem Transformity/ fitht/) K BB sej /] K BH BB sej
(sej/J) Energy Solar emergy Energy Solar emergy
K BA4ESFEE Solar radiation energy 1 5.97x10% 5.97x10% 1.39x10?! 1.39x10?!
KUBE Wind energy 1.50x10° 5.84x10" 8.74x10% 2.60x10"7 3.89x10%
M7k Ak 2% BE Rain chemical energy 1.54x10* 3.03x10" 4.68x10% 2.53x10"7 3.91x10%
Mi7K#\fiE Rain potential energy 8.89%x10° 8.86x10" 7.87x10% 1.65x10"7 1.47x10*
T fE Tidal energy 2.36x10* 1.39x10'8 3.28x10% 1.15%10"7 2.71x10%
HIERiERE HBE Geo—potential energy 2.90x10* 1.39x10" 4.03x10% 5.13x10'6 1.49x 10
A1t Total — — 1.69%x10% — 3.28x10%
[ £ 1A Land area/hm? — — 9.63x10% — 3.39%x10°
feffus — — 1.76x10" — 9.69x10"

Emergy per area/ (sej/hm?)
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Table 3 Emergy of supply terminal in Hainan province

o =

Tk F WiH ffﬁfiﬁftj 202?)0/. 202(;4/. 202(())8/' 202:) 2/' 202:) 6/'

Account Item (10°sei/)) 107 sej 107 sej 107 sej 10" sej 10" sej

R K Ji=8cy 8.300!7) 28.20 26.10 24.40 26.50 23.60

Bioproduct account R 8.60017] 2.67 2.41 2.30 2.75 2.96
HE 8.400!7] 6.55 8.07 10.00 8.04 3.95
B 2700171 1.80 2.11 2.56 3.37 3.91
s 20.00117! 0.08 0.04 0.03 0.04 0.03
W 171.0014 71.20 112.00 164.00 214.00 190.00
FER 171.0L17:51] 4.34 5.07 6.14 6.74 7.03
1z 171.0147) 11.30 13.90 17.90 23.60 24.90
LUES 200.00%/ 0.02 0.07 0.15 0.15 0.15
aE 1710017 2.99 3.10 4.47 5.15 6.94
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ik i ﬁiﬁfﬁjﬁi 2000/ 2004/ 2008/ 2012/ 2016/
Account Item (10*sei/T) 102 sej 102 sej 10%sej 102 sej 10%sej

K i 196.01171 204.00 334.00 343.00 425.00 528.00

b/ €S 530051 1.86 2.51 4.34 5.85 5.10
AR 4.4001 1.34 2.61 4.45 4.92 5.06

Eivimfimum A (10*hm?) 186.00 197.00 209.00 213.00 218.00

5 YLK M3 (10*hm?) 186.00 197.00 209.00 213.00 218.00

Pollution account B (10*hm?) 32.00 32.00 32.00 32.00 32.00

B (10*hm?) 76.90 73.20 72.80 72.70 73.00

iiﬁf:ﬂf i count ARJHHL(10*hm?) 25.80 29.20 29.80 32.80 34.40

RRIRI 3 ST P B S WA CO, IS0 I A RN B2 2 A R T b TR 5 2 5 R b K 50l Ay e P e T AR
x4 BEHERREE
Table 4 Emergy of consumption terminal in Hainan province
g i [ ﬁﬁﬁ%“"? 2000 2004 2008 2012 2016
Account ltem lranifor',mty/ /102 sej /10%ei  /10%sej  /10%sef /10%sej
(10%sej/])

AWy K Li8cy 8.30 19.50 16.50 15.40 11.20 11.20
Bioproduct account fir 2.70 0.38 0.44 0.46 0.48 0.53
A 171.0 48.60 61.40 68.60 84.80 104.00

R 171.0 1.77 2.07 2.69 3.45 3.88

BN 171.0 6.37 8.53 11.00 14.10 16.90

i 171.0 1.89 2.19 3.77 3.99 5.60

Wk 200 0.04 0.63 0.83 0.73 0.72

IKT i 196.0 13.50 18.80 22.50 25.90 25.50

P 20.00 0.07 0.02 0.02 0.09 0.05

KR 5.30 0.15 0.26 0.30 0.30 0.39

Ha Wi ek 8.60 0.75 0.83 1.08 1.35 1.36

ik iRy 8.30 2.92 4.54 6.13 10.60 15.10

I HE 8.40 5.75 7.08 7.34 4.73 2.03

B HE 8.40 0.02 0.01 0.05 0.08 0.09

KERL W 8.30 0.09 0.01 0.18 0.19 0.23

SR WE 8.30 0.10 0.11 0.08 0.02 0.11

Mg R 8.30 0.00 0.01 0.01 0.02 0.02

GIRE BN EIT TN ) 4.40 0.40 0.28 5.21 37.70 49.10

A Ay N 4.40 0.08 0.18 0.33 0.22 0.09

E) AHE 4.40 0.09 0.50 0.31 0.23 0.36

L) ARt 4.40 0.70 2.40 3.03 7.88 5.32

PN AFE 4.40 2.75 4.09 2.91 8.66 2.02

RETE I P I 400048 16.00 25.40 40.00 73.90 82.80
Energy account i 5.40048] 35.50 53.70 73.10 83.80 107.00
PN/t 4.8014) 9.05 20.40 35.40 54.00 45.80

YLk B 1.32048] 0.57 0.84 1.78 2.59 4.03
Pollution account K 4,944 3.49 3.41 2.96 3.69 3.55
[EE;2 7] 1.50048) 0.62 0.52 0.24 2.21 1.80

AL A/ (10*hm?) 25.80 29.19 29.80 32.80 34.40

Construction account

BRI 3 A PR 10 sej/m? , JBEIK 10 sej/t, BRI : 10 sej/t
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