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Temporal and spatial evolution of ecological sustainability in Dongting Lake area

based on the improved three-dimensional ecological footprint model
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Abstract; Dongting Lake is not only an important regulation and storage lake in the Yangtze River Basin, but also a major
agricultural product producing area in China. We evaluated the ecological sustainable development status of Dongting Lake
area scientifically and revealed the characteristics of temporal and spatial evolution of the region, which could be used to
explore the influencing factors and mechanism of the ecological sustainability of the Dongting Lake area. At the same time,
this study reduced the ecological deficit of Dongting Lake area. The improvement of three-dimensional ecological footprint
was mainly based on carbon footprint calculation method and ecological footprint theory, which solved the question that
ecological carrying capacity cannot be calculated in the fossil energy account. In addition, the equilibrium factor and yield

factor of Dongting Lake area were adjusted according to the concept of “provincial hectare” . Finally, the dynamic evaluation
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and the analysis of sustainable development of 25 counties in Dongting Lake Ecological Economic Zone, the per capita
ecological deficit, the breadth and depth of per capita ecological footprint from 2000 to 2019 were calculated. The main
results could be concluded as follows; (1) During the 20-year study period, the per capita ecological footprint in Dongting
Lake area increased faster than the per capita ecological carrying capacity, which caused the per capita ecological deficit
increased in the temporal dimension. Meanwhile, the spatial dimension showed the trend of diffusion from the center to the
periphery of Dongting Lake. (2) Among all land use types in Dongting Lake area, the forest land wasthe only account of
ecological surplus. All accounts of the cultivated land, grassland, water area, construction land and energy displayed high
ecological deficit. (3) The distribution of three industrial structures, the change of land use, the improvement of residents’
quality of life and ecological environment policies were important influencing factors in the study area. (4) Compared with
the traditionally ecological footprint calculation method, the carbon emission and carbon absorption calculated by the
improved three-dimensional ecological footprint model are closer to the real value. The research was expected to provide
scientific reference for land use, ecological protection, promoting social and economic sustainable development in Dongting

Lake area.

Key Words; Dongting Lake area; three-dimensional ecological footprint model; carbon footprint; spatial and temporal

distribution; natural capital stock

A2 THREE K R SEARE ORI NI LA A A R AR AT K AT s BRIAE B SR BT BE R 2 1
B P, AR T TR AR A ORI T RS St S & Br WM R R L U TR AR, TR 7 4
2 PCHUR A IR At B T 35 20 AR AN TRV, X DI T 520 K R R T BRI AR RS IR AR A A2
W B SR o5 0 A A 7 P R A i DX T RS R AR E A T 1992 AR NN Rees' B U 1A
TIMEAS B Wackemagel 55> K HME& K i O A 35 JE SRS A, Sy 1 REWS ULk A 28X 1 9K 8 A (1 S Bk o
P A TR0 HiRe N3 3l iy N SEAE R b B R B — B RIED SR, A GE Ak 25 I 1B TR vk Jig B Y B A
TR RE S RGP AR E T, BN AR iRt AT TS B, O T X e A O i A 1 SR
FI, Niccolucei F5 1A TR B B VRBER A T =4/ 25 T 2 TR AT LU A2 0 28 7E Aok
6] LR AR R, T ELZE ) 1T LTS R | R B S it 1 SR BRI 2 (9 A AR BR A3 bR

T4 R AL T N A1 R A A R B4 e S5 S T R T SR e BT S, A N USSR kT 52
PR S IR ST, AR R TR & AR/ N AR T AR A A AR AR T K
R BRI B RIS T = AR A R IR O < R IR E A S A T s PR B (R
SR T I BRI P R RS S A A A SO A B LOR G BORIT Y I, 2 AT
AT TR A et R SCAET IR R AR T A B B X S B AT T AR BB IE E BT AR
AR R AR S T A S R AR AR P AT T R K RE R B BICR T e K
PR R T RS AR IR SR R, RO B TR A S R ) B AT T R R
PHAE XRE 17 BE /K P2 AE S 34 RE MUK A% S RESF VR DA RE TR A i , NI 7 A 3 SE PR T 9 o5 HH I RE DR
P H i, 380 o P 0T LR I XA A 250875 o IR A5 AR R A A R RUBE TR o DX A SRy S+ A
7 BB B AN G B, O I LIVT IR Bt o 1, 25 08 1 2 5 B0 i, O X0 1 AR M I 5 At s R A 52
B IO ESRARSE 0 NGB R AL Oy T XA 35 7R 8 AT T B, 5L TSR T R R
TRE, BEXTREVRIN P R 3 BRI — B ORI R AR 1 52 A8 ) R B R — | B ORAT B 70 T aod ] R
PR HHE SCRETR IEIRAS T ANHE BORCR | (EUR TRk A2 28 AW A T DR BB T H AL A REIEUR 21 RO SR L
Bz, TR R BE A MR vh R X, R R ST R 2 B Y HE AR
F T AR AL ) PR A 5l B0 B ) DX R A AR IR A2 BRI . O G A~ 20 A B M AR SR A=
BLEAGEB RS 7 g 7R M = AR 8, W R Z I RME R R 2T

http ; //www.ecologica.cn



34 ARG A5 LT OGR4 A 2 A A )3 B ) XA 25 T R I s AT 5 1167

FORTE ™ (9 FA BEARAZ S T 158 A RS RO BT FE AT AE—SEA KL R AR A AR BT BT WIS iy o 23 AR Al
BB Z P, A SCRE ABRAG IR F SR 57 R A JEE A A JE2 180 X AR 25 ] 158 0 AR S A

FI ARG R R R i X T P2 K e R B LN 3R, O 17 S T B W) X AR AR i S A A T AR R R
AR SOR FH O B = i A 25 R A TR R T 1X. 25 X B AT W] 3588 K SR R AT 5, i B T 2000—2019 4F A
YYPEZS R o )R R A I 2 AR, S MR R A A X ek S A A RE IR A 5K
HOI IR, 285 A BB I AR DS 20 A bR 5 R [T 5 A 3o 17 S B A SRy A A1 BRI 26 2K
By, ATLICA A BE IR K P A Z0R B e R R [ R B2 25 Tk . BIFERER AT LA 2 Ml 1 5 Pl fp
K JRHUOR e T IRA R fe b5t 2 5 AR A R R A SR S R 2kl

1 HRRIBREEREFRE

1.1 AT XA

I 2 ) XA T R 24 A6 R 25 AT B e, Bl AR R 4.6 TP A 2B 21.6% (18 1), 2019
AEJE, TRRE ) X A2 72 BB 9197.06 4270, 20154248 22.7% , =R i Fe ok 11.5:40.8:47.7 37 BE W) X% AT 8
R 1596.35 B, 424 23.1% , Hoh s fE R LU T 22.3% 3R ) XA o 4 ) o 0 (X MR £ RE ol | e VR
FRIETRLR 228 T A00, 2 5 4248 28. 1% BT A . R LK (AN B EIEY) . MIHRAE N b
IR E IR 560 JT I, ZIHFSE IX K R R0 52.8% , 1F A NI RE 4 T B b S, 2019 4EHY AR = EE
1 258.99 127C, i &4 BB 58.62%

30°N

29°

28°

E1 SAENRSFHEERREER
Fig.1 Digital elevation model (DEM) map of Dongting Lake area
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Table 1 Ecological account data selected by the ecological footprint model
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Table 2 Parameter factors based on the provincial hectare model

+ M I FH 2SR ¥4 FF Balance factor 7= T Yield factor

Land use type 2000 4F 2005 4F  20104F  20154F  20194F  20004F 2005 4F 20104 20154 2019 4F
Bt Cultivated land 2.98 2.93 2.99 3.04 2.90 1.01 1.10 1.22 1.21 1.07
HH Woodland 0.15 0.17 0.17 0.14 0.22 1.32 1.68 1.23 1.49 2.21
il Grassland 0.12 0.18 0.15 0.17 0.20 2.63 3.37 3.83 3.66 3.02
kIR Water area 0.36 0.45 0.51 0.62 0.64 0.76 0.79 0.76 0.86 0.83
I A Construction land — 2.98 2.93 2.99 3.04 2.90 1.01 1.10 1.22 1.21 1.07
3 GERSW

31 R AL
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Table 3 Transfer matrix of land use types in Dongting Lake area from 2000 to 2019

A T Bt it HHl K3 S AHFH A
Land use type Cultivated land Woodland Grassland Water area  Construction land Unused land
Hi#h Cultivated land 11071.20 3934.94 97.70 1326.74 386.15 81.57
s Woodland 4304.35 15862.30 427.48 391.08 99.82 0.80
il Grassland 114.86 379.58 191.75 6.24 1.96 0

K3, Water area 1496.26 390.04 36.12 2503.54 87.57 295.21
S ML Construction land 815.51 354.52 11.28 146.59 200.22 9.28
FKAHIHL Unused land 127.35 1.80 1.80 448.37 13.95 343.28
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F4 AEMSEK 2000—2019 £ AHEREB/ (hm?/N)
Table 4 Per capita ecological footprint of Dongting Lake area from 2000 to 2019

1 B o e K S i i
Years Cultivated land Woodland Grassland Water area Construction land Energy Total

2000 1.0134 0.0026 0.0118 0.4976 0.0144 0.0606 1.6003
2005 1.1666 0.0055 0.0337 0.8434 0.0168 0.1378 2.2039
2010 1.3433 0.0053 0.0246 1.0676 0.0216 0.1519 2.6144
2015 1.4611 0.0046 0.0335 1.8477 0.0277 0.1742 3.5488
2019 1.1062 0.0099 0.0337 1.8851 0.0248 0.2430 3.3027

3.3 ABAEBRET)

R AT 3—4 ATEITESEUN PR R ARG T, AR AR A KN R B T4 28 R b AL (56 5,
E3) , HIIEL 3 AT R ) XA A A 3 ) SR S B R (R R MR BRI, 3X 5 - M R S B 1 A A 4
B, HAAEEERRE 2019 AEHFHE 5 EE S AR 36.7% {0 HAE SRR T (5 MR Y 59.8% , 3% S5 8kb Ak
B = b A 7 R A ANTE Y B b AR 2SR AR ) AR AR T At T R, 3R DR B b A TR A DX TR L
D 2019 AR SRR 1.5%, % 2000 455 2019 4EXF b, & MGl K88 | i b | e U 55 A
BIRE BT T 2 52424, FLrho 5 7Kk Sl 2 2 B A 0 77 = S (R 4 T & AR 3 T i 2 e
M A AS B IR LR BRI AR AR 2 th P T R VE R, — 7 T2 R b TR K S
B, — AR S ER T R B, b TR I DX b T AR D | DR B (R b AR S BB IR AY AR
DA BHA — &P FEE

Bt g S2 ] —— NIRRT

40} i
B e ABYEAE D E % gﬁ % %%Hw
EREER =P~ i ‘
< (I %t =
£ 30 F Y kiE 3 04 L
5] 5 g =
5s | ; =& =
ff, a 25 @ ﬁgﬁ 3@? S 7
QD = < o — — Z —
it i 201 wE 03 7
52 05 se |l
= 2z02r
B 10} E
< <
S ost BT
7 2 . E
2000 2005 2010 2015 2019 0 2000 2005 2010 2015 2019
4y Year 4FAy Year

B2 EEHRXANESRIE

Fig.2 Ecological footprint per capita in Dongting Lake area
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Fig.3 Ecological carrying capacity per capita in Dongting Lake area

£S5 FAEHK 2000—2019 £ AHESKH T/ (hm®/ N)
Table 5 Per capita ecological carrying capacity of Dongting Lake area from 2000 to 2015

E20) bijz:i b i K3k I HEVR W

Years Cultivated land Woodland Grassland Water area Construction land Energy Total

2000 0.2794 0.0232 0.0012 0.0068 0.0127 0.0451 0.3685
2005 0.2909 0.0323 0.0022 0.0088 0.0148 0.0760 0.4250
2010 0.3428 0.0248 0.0020 0.0100 0.0190 0.0691 0.4677
2015 0.3334 0.0242 0.0022 0.0130 0.0243 0.0706 0.4677
2019 0.2781 0.0561 0.0018 0.0125 0.0218 0.0950 0.4653
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Fig.4 Distribution of spatial sustainable development in Dongting Lake area
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2 Fi I A X el AR S RGO AR AT
352 =[H4ERE

S (LS 6) NIRRT B m b X o i A 1) B BRI B S I v B 8 AT B AR T F
FEX TGRS ACER I X, A2 R B IE G5 2 A S, H A g M X 2 B4R p e R S R B X, JL
WX PRI S 2R X L R R R, B T L XA A S L R, BASK B Il B 7R
AN AR (B A 25 R — B B AW 5K i e 34, 2 (R B T B R R 8 A fh 4R
] PU RSO R, )BT LR R X B AR FE , VR B ] s XA AL FE , U A0URE o L R B XA R 1Y
THEERRAR , B Tl 58 & B AIRAE . RS & B, 2019 FTREW XA 19 X E i A 4B R RE KT 6,
A 0 B0 b X BT AATE B IS FE 5 L T 80% , DX IR 2 AT RR S M A7 AE — 2 I AU 5 [R) B RIS B B
2000—2019 47 Xk A XA 25 b R 2 B b TH iRk 3

x6 HAEMXAHERBITTE/ (hm®/N)
Table 6 Per capita ecological footprint breadth of Dongting Lake area

E=0) Pt M Hi IR HHHIH RETR LA

Years Cultivated land Woodland Grassland Water area Construction land Energy Total

2000 0.2794 0.0026 0.0012 0.0068 0.0127 0.0451 0.3685
2005 0.2909 0.0055 0.0022 0.0088 0.0148 0.0760 0.4250
2010 0.3428 0.0053 0.0020 0.0100 0.0190 0.0691 0.4677
2015 0.3334 0.0046 0.0022 0.0130 0.0243 0.0706 0.4677
2019 0.2781 0.0099 0.0018 0.0125 0.0218 0.0950 0.4653

x7 FEMRANESEITRE
Table 7 Per capita ecological footprint depth of Dongting Lake area

1 B i s I S i i
Years Cultivated land Woodland Grassland Water area Construction land Energy Total

2000 3.6264 1.0000 9.9274 72.9975 1.1364 1.3432 4.3433
2005 4.0104 1.0000 15.5928 95.9346 1.1364 1.8138 5.1857
2010 3.9188 1.0000 12.3351 106.4188 1.1364 2.1991 5.5904
2015 4.3822 1.0000 15.5986 142.1003 1.1364 2.4662 7.5878
2019 3.9784 1.0000 18.3951 150.8261 1.1364 2.5568 7.0978

4 itig

4.1 PRI AT
F 2000—2019 AE R FEJRA S i SR F AL G B PR T LR, 45 R 8, PR n] LUE 21 3 T 2 b
BT R BETR i ) K TR G A | X R R e R 3 A T A5 T A RE TR Y 4 R HE B, A% G0 3Rk
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Fig.5 Spatial distribution of per capita ecological footprint breadth in Dongting Lake area

ST A B SRR A IR — 5 4Bk, Gt S R 700 o 45 A VR K P 108 k1 o 23 AL, X B
P52 R AR AR, 2000 4F-55 2015 AFAZ 500 AR R 5 AL e 380 v, 2 02 PR Dl 30 W A AR A% 4 1 S8
RTINS AR LK 7 0 0 O B8 KR 56 & 5 T 2005 ,2010 5 2019 4F B RE IR A= SR IR TG 58,
HAS IR T 22 /I 33X 322 PR Ayl J 180 DX 5 o g AR /> AN F 5 X R TR A 1.5% , S50f6f R b R i
PIRRHE R D AR AR BRE BN, A AR R A28t 250G s AR Z UM B RNY h Betg it — 2D 4
T Lo BTt A AT S s LUK, 25 B I AR Ml 15 7K S0 Bl A TR A, i A 10— A5 B v RE R P AT BORS B, B
IR ) R 2 A 5 A R AR ST 1 7 )
x8 MMITEAEMNESFEILL/ (hm?/ )

Table 8 Comparison of the ecological deficit of the two calculation methods

A0y HE T I i BT ik ik B A SR
Years Improved method footprint Traditional method footprint Improve the ecological deficit
2000 0.0606 0.0019 0.0155

2005 0.1378 0.0865 0.0618

2010 0.1519 0.1123 0.0828

2015 0.1742 0.0975 0.1036

2019 0.2430 0.1572 0.1479

42 R RHFEEEAE
AT LR S AL NS SR T NI AR A R T R A5 TR ) )2 T L R L A ) JE ) X 4
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Fig.6 Spatial distribution of per capita ecological footprint depth in Dongting Lake area
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FEE G Tl & R 1T S SR FHEOMARICER T 7.06km; 2 E M R 058 T 9.67km,
S VE I — A [A] B A A% 007 8 f R B B, U B AR 8 R 2 5 R I R S A i B AR AL AR EL S B &, i 2005
G =B T B R AR SIS S A TR B AR RN BRI I AR i, AR AU IX AR RIS 3 1 — R
MR, (A5 ERIET, Dovr s B8 A o ol as B B, 5 B0 WK 2B 38 R G 2 ™ SRR K T K
B P ARSI TS R ORI BT A A SR 5 R R 1) PY RS T RS, 2010—2015 AFEH L
EERSRE B 55 AR (B 1 e A A TR D 3 3R B T DX 1 A A R X LR v, 2015—2019 4E A [
KR — L4/ HA SR 5 A S 040 3 m AR5 i T 3.66km  2.78km , 3% B Z M5 R K
SV FE I, SO PG M XA T B PRV LA ) A A AR AL, R (A A Sk 32 A v A RS R S X
TEaS ] R BE A
4.3 AT SR R

DB A A AT P2 R IR DL B F AR fE s (TR 22 IR L R VE A 485 51, i A 850 A 15 0, -
FIFAZERI AR AL, =R S5 F R A 5 A 28 PR3P B R it 1Y) S S5 A0 20 X Sl T R 282 2 KT 7 A AN [ A2
JFERIRZIR Y R STE B, R JEE T X 5 B M () 5 S 0] R SR K R OK S AR, WA IX R R S R 2000 4F
1646.51 JT AR ZE R 2015 4E 1Y 1645.95 J1 AHA Y SR AT 9% S A0 2 BUPLE I K 3 iX R AATA G
JOT )4 R ) T P28 R K2 7 A — AR I, R ASS F T A R R FH b T RR ) PR S B
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Fig.7 The center of gravity shift of per capita ecological deficit in Dongting Lake area
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PEIRRE AR N, TAE 2019 A 115 b & B 36.7% (A b T FRUIT 7= A 10 A2 25 2 8 5 AR AR 3R T 43 o R )
33.5% .59.8% ,iX 3K Wb 2 Ak e b X A= P A BB AE . ORI G5 I A3 TE (3% 9) L, DA 2019 4R =
W 7 R B, K e s = b A B AR IX AR S AR 24N R 0.7475hm?*/ N AR F LA Tl & J& ok 2 1) = &
X 5% & B A =l b B B AR LR AR G K = S i B i i P BOHOK AR S R Fi s , DA B, =
YR 7= b 5 48 1) 43 B X F 9 IX AT RG22 & e /K LA — a2 BRSNS 0TI DX R RIASE (1) 5 e HE O fa 2R TE
FRFHG B, BUH K SR IR A7 20 AR, AR SR IR, DAk, X HhE I i K E S — K i

AR ) XA DX B X IR B VA S AR AR ) B LR B S TR A X 7K AR AR 3 ) SR A AT 1
K% Xk R A B BOR AR TR & K EE IS N R Z —

®9 2019 FiREMNR 25 REZ R LE
Table 9 Tertiary industry ratio of 25 districts and counties in Dongting Lake District in 2019

AKX Hi—rlk Ll Bk b Bl i NE KT i AR
Counties and Primary industry Secondary industry Tertiary industry Population/ Aquatic product Ecological deficit/
districts ratio/ % ratio/ % ratio/ % x10* A output/t ( A/hm?)
B IX 0.06 0.36 0.58 72.57 29074 1.4070
EHEX 0.01 0.30 0.69 101.83 21353 0.7475
ZEKX 0.03 0.66 0.31 17.84 19551 5.7359
Hilix 0.19 0.34 0.47 25.99 36141 3.8951
R 0.16 0.45 0.39 71.05 53615 3.1025
Rl 0.21 0.35 0.44 72.17 149475 5.6944
il RAS 0.18 0.40 0.42 71.08 161810 5.9309
TR 0.15 0.39 0.45 95.42 9607 0.8448
HE T 0.11 0.46 0.43 70.14 47343 3.0862
Ik 3 i 0.11 0.45 0.44 51.61 39274 2.8834
REEX 0.01 0.54 0.46 73.30 21481 1.0984
AR IX 0.17 0.32 0.51 82.09 75540 2.9748
T H 0.17 0.28 0.54 53.16 132000 6.2451
WHE 0.17 0.34 0.49 80.86 78627 2.9767
1o 0.14 0.30 0.56 77.94 57265 2.6060
I E 0.16 0.35 0.49 41.68 22560 2.3921
Bl H 0.20 0.31 0.49 84.48 35268 1.9782
ATTH 0.15 0.35 0.49 58.05 13256 1.6460
HETT 0.13 0.42 0.45 25.59 25677 3.5481
BEBH X 0.13 0.50 0.37 42.23 31557 2.7412
1L X 0.08 0.50 0.42 89.99 30532 1.6395
M 0.25 0.28 0.48 74.32 122615 4.6079
e B 0.15 0.46 0.39 79.55 12435 1.0244
ZALEL 0.19 0.33 0.48 86.10 16176 0.9266
NTRANG T 0.23 0.39 0.37 69.88 173700 6.2473
5 it
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A ZS AR AR TRV AR BE B AR O, 245 (B Ak 2 b S )5 1) ) 100 4t DX R R 3 DAl 180 DX R AR ) A 25

T, AR R A R Y SR L, SO R AR T LRI, 5235 LA ST Ak ST R R
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FRREAR A HE R o (2) {1 B W XY 4 SR 0 AN 06 5 B, BRARBIK P 2 SR AN 1 35 77 18 B AR BEARAT
EAYIHFE, BRI @A SR T, R R KB i B K AR S B IROT e SRR B W B B AR AT AR A
PG, PR ARSI R IR AP B A BB T B SR ) A A DI RE , L B ST e A I A A A AL
il o (3) X HeAE G A A5 R IR A | At I F R 2 A R T I P 4 8 v B S e i S5 ) Al R S e A i
i, TR DX AR AR AR 1 DX A RE TR A 25K B S bR BAT B s A R R [, B (A
BP9 X REVRI P A9 AR R BRI /NI IR B . (4) TR B2 39 DX A Rl Hp 2 R A JEE 5 B X 7= Mk 254 LA 3¢
e IR , 2R IR Vo A A AR )l DX 2 DA R0 T g 3= T AR 55 Ml kR Ay = 1 PH RS X 56 A 25
TR, DRI AT L Ao e 7 2 R A S LA (22 5 Dy SE MR BRI R L 25 0 B (AR 5 R TR e R
FTRERRH A Pl R ARSE N S5 AL AR T, (RIS Wk s A 3% B 4R T | L b 25 A 28 e 5 S 2
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