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Driving mechanism of ecological footprint from the perspective of spatial

interaction of transportation network

LU Tianyu, ZENG Chen "
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Abstract: The urban agglomeration in the middle reaches of the Yangtze River is the key area for the Central Region Rise
Strategy in China. This area has long been confronted with the dilemma of development and protection. Research on the
driving mechanism of ecological footprint from the perspective of spatial interaction of transportation network is of great
significance for coordinating the high-quality socio-economic development and the high-level ecological civilization
construction to achieve sustainable development. This paper internalizes the transportation network as a “channel” for the
spatial interaction of ecological footprints between county units to explore the path of ecologically coordinated development.
First, we used a ecological footprint model to assess the sustainable development level. The indicator of ecological footprint
is an extensive and comprehensive measure of sustainable development. Second, complex network model was employed to
characterize the scale and connectivity of the transportation network. Third, we established a transportation spatial
interaction relationship based on the gravity model, and embed the “transportation” spatial weight matrix into the spatial
econometric model. Integrated with the STIRPAT model, the model is established to explore the spatial effect of the
transportation network on ecological footprint and the driving factors of ecological footprint. The results show that; (1) from
2010 to 2017, the average value of the ecological footprint for counties in the middle reaches of the Yangtze River has
decreased from 1.73 to 1.66. (2) The scales of the road transportation network and the railway transportation network have
both expanded, whereas the connectivity has decreased. (3) The spatial dependence of the ecological footprint was
confirmed, and the ecological footprint shows a positive spatial spillover influence through the transportation network. This
spatial influence had slighty enhanced from 2010 to 2017. The urbanization and per capita GDP have significantly positively

influenced the ecological footprint, and the proportion of the tertiary sector to the total GDP negatively influenced ecological
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footprint. The research implies that the overall level of sustainable development of the middle reaches of the Yangtze River
urban agglomeration has improved ; the inter-regional sustainable development is strengthened by the spatial influence of the
transportation network. In addition, socio-economic development has exacerbated unsustainability, while industrial
transformation and upgrading showed a positive influence. In the future, while strengthening regional ecological integration
based on transportation networks, a new pattern of sustainable development with regional linkages through the interaction of

industries, exchange of resources, and sharing of technologies should be established.

Key Words: ecological footprint; transportation network; spatial spillover; urban agglomeration in the middle of the

Yangtze River; ecological civilization
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Table 1 Accounts and factors of ecological footprint
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Fig.2 The spatiotemporal distribution of Ecological Footprint
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Fig.3 The spatiotemporal distribution of ecological carrying capacity
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Fig.4 The spatiotemporal distribution of ecological surplus and deficit
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Table 2 Characteristics of Road Complex Network Degree
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3 2755 63.20 767 58.55 1093 66.20 895 64.02

4 1044 23.95 368 28.09 369 22.35 307 21.96

5 19 0.44 6 0.46 5 0.30 8 0.57

6 1 0.02 0 0 0 0 1 0.07
2017 1 575 10.12 312 163 10.51 3.14 201 9.03 3.14 211 11.06 3.07

2 23 0.40 8 0.52 6 0.27 9 0.47

3 3267 57.48 834 53.77 1309 58.81 1124 58.94

4 1808 31.81 544 35.07 707 31.76 557 29.21

5 8 0.14 1 0.06 2 0.09 5 0.26

6 3 0.05 1 0.06 1 0.04 1 0.05
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B SFEE Ji SFEE
1 -4 0—2.56 == 3.17—3.50 1 -4 0—2.52 == 321351
2 +5  mw256—289 WE 350—4.00 2 5 =W 252290 WE 351400
3 -6 wm289—3.17 3 -6 mm 290321
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Fig.5 Road complex network model

3.2.2  BREKACIE R 2 M4

R B A 3 5 2% IO % () FE AR AR N 2 ] 43 A T 50 43 il an 3k 3 FNIEL 6 FifzR . 2010—2017 4F K VL H i gl it
TR IR R 28 E— 2530 2 | i 2010 454 109 4S5 SR 119 AN in 2 2017 420 187 A5 Al 219 4A~4R$h
W, HEESR 2 T3 A SRR N, RV R A o B kB SR T B R 2,18 FR i E 2.34 kT RE Y
RS T IR TR T, 4% EAR R 28 AN A 30, ks I 4% BB E— B9 K (B3 i da ARt 11.94 3
Iz 12.27 RV APk i R s 26 -2 il e R R, MR T BES L, 2010—2017 4F KT i
ST B T 10— Al T TR I A 2% IO 24 S 359 B 389 S B 25 A, Herp 2010 AR DU T BT 2 B e, SRR B
TR T AT 8 B SR I, (HL 2017 434 808 BH I8 35 T R0 1 1 B ey, LR A A B S P 3P A W

R3I HKEMEXMEERFER
Table 3 Characteristics of Railway Complex Network Degree

AT b ik T A e .
i . AR TR FRAERBH W30 T 3
Urban Agglomerations AP T R
LEAy i . : . Chang-Zhu-Tan urban Poyang lake urban
in the middle reaches Wuhan agglomeration . X
Year Degree . agglomeration agglomeration
of the Yangtze River
e i FHE BE Se FHE BE A/ FEE BaE Sle PSR
2010 1 17 15.60 2.18 6 19.35 2.26 5 13.89 2.22 6 14.29 2.1
2 65 59.63 16 51.61 21 58.33 28 66.67
3 20 18.35 5 16.13 8 22.22 7 16.67
4 4 3.67 3 9.68 1 2.78 1 2.38
5 3 2.75 1 3.23 1 2.78 0 0
2017 1 20 10.70 2.34 8 12.90 2.31 6 9.52 2.27 6 9.68 2.45
2 108 57.75 37 59.68 40 63.49 31 50.00
3 40 21.39 11 17.74 11 17.46 18 29.03
4 15 8.02 4 6.45 6 9.52 5 8.06
5 2 1.07 0 0 0 0 2 3.23
6 2 1.07 2 3.23 0 0 0 0

3.2.3 S M L% s B E 5| 150 Hr

7 3833 F5Z & (chord diagram ) 77 ZXF 2010 F1 2017 AFAK VT A it v 8 35 T ol 56 52 38 - 249 2 g B g
] 58 5| STk R AT Al Ak | B R 7S LB R) AS @ AR b B Bh O R . O TR g M B 7 th R
JERT 25 B 5 oA BIAE i B s ek i) 3 oS [ B ahiE L, RISNK G 2R 3C 51 1K, 19 a5 (B 5% £ 11
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3 T e T4
1 4 10 mm 2.01—2.50 1 o4 [0 mm 2.01—2.50
2 5 0.01—1.00 mm 251—3.00 2 o5 0.01—1.50 mm 2.51—3.50
3 m 1.01—2.00 W= 301—5.00 3 6 mW 1.51—2.00 W 351—6.00

Blo HRixSRMEEE

Fig.6 Railway complex network model

FHLAH S k= T B 2R 3 55 AR B, AR AR R B e 5 R 1 TR Bk e U — 2, LA 2017 4F R R 43
BT, 7€ 2017 A58 B - BR BR 25 A Bl 65 52 2 I 28 1 s JE 5 | 0 Fns b, 51y s i i 3 6 Bk gl 44 o 75 Ll IX
(171) FARBIX (168) FEEIX(77) FIfFILEL (74) 5 & X (172) MPGHIIX (174) , o, N 7 hal LR
51 7 B i A i 2 X T AR v e B T S T P X AT R R b R S AR B,
3.3 ARSI UK S HL RN 2 [ R

FE STIRPAT 52 RUAE S8 5 IR 2 X 7 B 6t b, A5 X T 58 PR 0B A5 AH S 2 (T8 8) |, e Bk A g A
W (EF) SRS E TR UR A1 PGDP AE7E B & IE A M 5 PTS fA7E B3 1 n AH GG R, B R AR &
(i) TG 1o FE AR DG, S b T 45 2535 M (VIF<3) . it , UR . PGDP il PTS 250 EF M TE R+, it —
AN FLGR 1A 75 2 S L IR Bl

R T X R AR AT D TR IR S A (A AR R AT H AR, AR SO SR F BN 3R R (OLS) AT [l
LA 2010 4FF1 2017 AEPNEAR A AR B9 (EF) AR AR i, DUREL R (UR) . A¥) GDP(PGDP) 5 —
A5 H(PTS) Ry ff AR S AT A AT, i —2D0 23 [ RN, WA 25 8 & 30, 2010 11 2017 4 Morans'1 #4) 5 3%
RIE RUVER Rl BA W R ZS RN, AR O T B 5L TACE M 1 EF (173 )3 8, AR5 k4
23 [V AR ( SAR ) EA T 45 [R50 FHBK S AL I PR SE . N IHISE T SAR 10145 X A 25 2 375 1 3K 5y PR 38 s
(R T AT

WAL AR Y GDP XA 2 2 a8 7 A R T 55— Ml 398 i 7 b D) S 2 ] A4 25 A 3 A B
FLART &, WAL A AE 2017 48X AR 2 2 3 B A 8 35 00 ) 52 ), SR AE AL R AR RN 1%, A= A5 R 0 3
0.2499% , A3 GDP Xf A= 25 JE 700 ™ AL Gl 25 1 ) 520, {EL B 25 B [R] 4 | 3o P s o) (2 L0 55 #5531 GDP
AN 19 , A2 25 230553 38 N 0.5197 % F1 0.2075% 565 = PV B IE (5 Fb kA= 258 8 508 72 Ak I 28 0 ) ), FLIX
P 6 RS2 7E 2017 AR T 3RAEAL R ALY GDP R IE M2 b, 5 = =\ O e & e B 1%, 4225
SRS IS 0.5174% F1 0.4379% , itE— D458 AR 28 R 300 1 25 (6] HH 8O0, 45 5 7, 2010 T 2017 473238 )
s B H SO R T AS Al I R A0 B 350 0 38 B B 3R] 19 A 25 2 70 A7 A S 35 4 [B) 36 11 2000, 38 .3
“RRFET A AR B 1% A LR IT Y AR 2 R S A AR [ (4 U7 1) A5 3 0.3382% ,0.3899% , 3 B T A2 5
P 2% << A = A 1 A 2 30 Yk R SO SR TR SR (e 4)

4 itig
AIRRSE K RS EE H AR S MRS E RGN M AR, T B % B X IR i) 25 A BCR 5 H5 8,
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A2 W 25 s X S ) B A BT, AR SO R DT AE T 3L T STIRPAT #5555 Rl A2 18 K 4% %5 7] H. 5]
e RMFFT A= 25 2 328 A 3R S LA RN 2 (1520, DI 2 [X e 1) 52 308 5% 038 A B S 25 (0] . 30 Sl S X 38 A 25 1
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7 3lhXERE
Fig.7 Gravitational relationship diagram
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Fig.8 Correlation diagram
EF. 47528 Ecological footprint; UR : 311t % Urbanization rate; PGDP; A4 GDP Per capita GDP ; PTS: Proportion of the tertiary sector to the
total GDP, A STIRPAT 5 52, 2 A8t S O 4 (B In ) 203

InPGDP

F4 REIWHEIERER

Table 4 Regression results of driving mechanism

AR OLS SAR
Year 2010 2017 2010 2017
InUR 0.0845 0.2815** 0.0375 0.2499 "
InPGDP 0.5330 " 0.2207 *** 0.5197 *** 0.2075 ***
InPTS -0.5152*** -0.4135** -0.5174"** -0.4379 ***
Moran's 1 — — 0.150*** 0.114***
Moran's I-erorr — — 5.560 " 3.898 ***
LM error — — 25.090 *** 12.120***
R-LM error — — 13.164 " 0.148

LM lag — — 12.459 *** 12.956 ***
R-LM lag — — 0.534 0.984
Rho — — 0.3382*** 0.3899 ***
I Constant term -3.4358 *** -1.6276*** -3.2669 *** -1.4207 ***

OLS: £t 45 /N 3% Ordinary least square; SAR : 25 [ J5 45 8 Spatial lag model ; UR ; 38814k Urbanization rate; PGDP: A4 GDP Per capita

GDP ; PTS ; Proportion of the tertiary sector to the total GDP

S BT AT B DX A 2 R IR Tl B AR S ST 5 T A A D RN B B S R T
S 2% 4 1 SR BT A DX IR E A S I AT HRR 0 A SR ) B S AR AR SR JE A i A S T8 I 2% 2 (1) . 515 5
Y2 (B AR A SR 7 | T T A 00 2% (9 DX I — AL AR BE IR A 75 5 T, A 25 M3 14 2 W) A1 i 28007 2
PSR AS S RUIEE R =0 R ARR 75 U, BT H e i 4 A 0 L S B 0 6 T 52 38 190 285 AN i it
HMEZS [ B AR S BELR LA B B AR A7 AT R R 5 B, DX sl A] R ] R Ok JR i A 2 R B8l 5 B e A5 21
5o AR U RIS G T T Bt — AP Sy e iy e — A bl e AL, 50 5 e it
il it P08 A1 Je AN AR A I AR RS I (L ]P0 5 75 91 5 30 R e i AL 3 0 T sl B R 9 A A SR TR
B — R SR S R Al e S T 5 | Bt R ) K S A 2 A R R, T 1 A B A U R
BRSO SRz 5, AN FESRSILTIIE T A SCUESE 1 AR K (22 R BRI L Al R ) A 25
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R EE BN, EL R I (I HERS | 28 A S A 25 R 3 ) AR R Wiy E 2845 ) 1 553, Th S A 23 1 2 R AR
PR BRI 0, RV AP I Sul T R R L) R RV e 3 ol A 07 O o B 2 5 i A, X R 2
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(NS REH A LU S e T2, s 22 55 i i U ML 2 57 R, S B2 B IS SRR 29 5 IR B R4 Y
AEXT BT, 2B R 22 B 4 R VL AP il T B A 25 2 il A KBl A BT I T DR B AR AL i R Xl vl 5282
TR TSR 308 1] B GO0 i AR T e R S 3 0 5 5K [ I 5 | v i R ) NS T 0 8, Bl Bt
DRIHAESR B2 T SR B S A p Rl O 7 AR RS Y, S BUE SR IB BTN . AT, (AR 400 C T Y
S, 5 =l R JRERT A 2 R I A R A P S22 A B EA , L5 b 5 g B TR Sy i v B s IR 2 5 A 2 R SR R
SOV B Z [ T J o 7ML A5G 2 DX SR B AR D7 3R R B, 77l K AR I 5 AR AN 5 B 2 T
VR B SR FTRORME LR i B R B R IR I 11 SR BE AR5 5K, B R A A5 IR DRl D HO I 25157
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AN B 2 = ORI 9B BRI R, HOR BRI AR IR B0 T SRS R, B B A R R
FEPIRLD | TR ER =7 Ml B M o A 285 1 1 EAT G ) 4 et £
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