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The fairness evaluation of the Guanzhong urban agglomeration to achieve

sustainable development goals from the perspective of footprint family

YANG Yi *, ZHANG Ke
School of Economics and Management, Xi'an University of Technology, Xi'an 710054, China

Abstract; The rapid development of urban agglomerations has intensified competition between cities. Excessive consumption
of natural resources has led to greater differences in the efforts of cities to improve the ecological environment. The impact of
unfair ecological occupancy on the ecosystem has caused difficulties for urban agglomerations to achieve the 17 sustainable
development goals ( SDGs) of the United Nations. Using the temporal and spatial evolution of the Guanzhong urban
agglomeration (GUA)'s per capita ecological footprint (ef), per capita carbon footprint (¢f), per capita water footprint
(wf) , and city development index ( CDI) from 2007 to 2018, the Gini coefficient (GC) was used to reveal the impact of
unfair ecological occupancy on the 17 SDGs in urban agglomerations. The results show that (D) the average annual growth of
the CDI for each city in the GUA is in the range of 1.66% and 2.52% , but the average annual growth rates of ef, ¢f, and wf
are in the range of [ 1.46%, 5.53% ], [ =3.70%, 7.30% ] and [ -3.62%, 4.41% ], respectively. This shows that urban
development lags behind resource consumption, which is not conducive to the realization of 17 SDGs. 2 The degree to

which carbon pressure and carbon capacity are matched tended to be optimized ; the degree to which ecological pressure is
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matched with ecological capacity and water pressure with water capacity decreased. 3 The urban development GC for the
ecological footprint and ecological capacity GC were both below the warning line of 0.4, which shows that the degree to
which ecological pressure and the CDI match was relatively fair and stable. The urban development GC for the carbon
footprint and carbon capacity GC, and urban development GC for the water footprint and water capacity GC all exceeded 0.4
in 2018; the spatial equality in carbon pressure, water resource pressure and the CDI decreased. The contribution of urban
development and capacity is significantly different. The establishment of an analytical framework for monitoring the social
and economic activities within and the ecological occupancy fairness of urban agglomerations reveals that ecological
occupancy fairness is conducive to protecting forests and cultivated land in the context of achieving the 17 SDGs, increasing
efforts to improve the ecological environment within cities in urban agglomerations and balancing the trade-offs between
development and conservation in each city. The footprint family of indicators have complementary characteristics when
evaluating the temporal and spatial evolution of urban agglomeration ecosystems. The main contribution of this paper is to
use the CDI and footprint family to establish an analytical framework for monitoring the development and ecological
occupancy of urban agglomerations. Finally, on the basis of the result that unfairness between ecological occupation and
urban development affects the ability of urban agglomerations to achieve the 17 SDGs, improvements in the ecological
environment governance framework for urban agglomerations, the strengthening of air pollution control and waste
management in urban agglomerations, and the establishment of an urban agglomeration-ecological environment joint

protection mechanism are proposed.

Key Words: footprint family; city development index; Gini coefficient; Guanzhong urban agglomeration

21 g Dok, eIkt S m 1 A 7= FAE G 1& S0 F AR BEIR 0 5 K, 2007 4R LK, 23REAT
T2 A AT RS T R, B 2030 AE UK TEE 60%' NI A HIFE L AE SR T A R RAT R T
St BE BT T RSN, DTER T 60% 14 BRAE 7™ SV, E B HE s 2 A0 5 At FH 53 o )
SERAY 70% F1 60% DL 11 R B AR AR AL B AN, TP #E (Guanzhong urban agglomeration,
GUA) P iz a4 5k S 8N Mo JE A in g€ b, DABE R o R BEIR A5 A GUA 1k 4 [ AT e ™ o IX I,
Z— ST I TG HE ORI RGN 58 3 K IR R AP ERE O . B B, A T AL S T AR F AR B 2% S
T Y A AR PR IR BTSSR EE AN TR] . A0, PG 22 2 P AR ME— A [ 5 Hho L BT, 2019 4EHH A 1020.35 U7
A ,GDP 3 9321.19 12JC ,{H GDP FARBA N RA 354.72 4270, A Ot HA 80.37 J7 A\, iR ASF-f 26 9
W e S AN F AR BRI FH AT Z Rl AR X AR U A A AR B S T R R R S T AR S AR
IS I, B N AE S A AR T R I T A A S R S AT

39T HE AT 4P R AN B B O B R Ik T, TR T 2 A AE SR 17 AT RS2 R B HAR (17 sustainable
development goals, 17 SDGs) FIPME R AR GE IR AL E A A TS FEUE B IRBIR A R B V5 Y K
HE7 2015 ARELG EHE TS 17 SR BRI 169 4T HARM SDCs' ' . Horh, 5 SDGIS Bt A #4 i +
A 5 SDG13 [AEAT A LaiHE R 5 SDG6 W T IR K A AR it A O AY 7K 68 5 FH 2 38 i e S 21
17 SDGs MY 8, AFE A b MEHE SR, — 28 SDGs 5 AnME LA e it sl U B2, Sy itl, 76 T 55030 T % JR #5840 (city
development index, CDI) FIE i ZGFgHR IR I, RAHZEIE REL (Gini coefficient, GC) T IR AT AL
SEEXTSZEE SDGs B2 (K 1) , X AL BES 7R AN CDI Z A0 A= 25 R Ge X it A e S AR B9 A 2 | i ELa
XFEE 17 SDGs A F F A 1A BRHEEK - AT IR B9 AR AL e 5, 30 08 3 T B X SE 8 SDGs 52
M %) A K

1 X#kEiR
i1 DS S o Gl N7 A e 1 B 3N = B R (1 D= w1 8 Wl e w37 A 3 P A (TR Q3 A o
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Fig.1 Research framework
SDG15: AI ¢4 & J& H A% 15 Sustainable development goal 15;SDG13 . 442 % J& H A7 13 Sustainable development goal 13;SDG6: M 4¥4% % & H
¥F 6 Sustainable development goal 6; CDI; i & 454X City development index;SDGs; A] #5452 % J&& H#R Sustainable development goals

Bk HEA 21 A Kl 5 g KRR S Qe R0 R, AT RN BN [R] ) AR 28 R KO RISS S R 3
M b Tl T R 4 J ) R, N L SDGs A H AR , WASSEPE A BE i dh S 2 3 AR S R G Z B RO 3k 30
TR R A5 50y X S ABE AR A ) i BE i S Ak EL T IR IR AR B 2 K B AR A A S 5 R B A 7 1 AR
Mot , BELAS XS A= AW IRAG B0 50 SRBUE 28 R G0 R 5 I (B A A S 3 b S 235 - S RGBT 1
Il T R v R I T AT S R 8 B B ) 5k K SR BN T AN PR R AL S ek T 22 ) i g, ORI FH Y
22 SPEUUE T AE P T A A R G SR AN i AR AR AR X AR AR A B IR A X — 40
B, Teixido-Figueras ZFM5A T B AR N D AEXT AR (ecological footprint, EF) AAF-HYBTHERAE T8 HH 26
S USRIV AR HE By T A28 R R (1 FE Al _E AR E BV T B 2 Tomas 25 MRS T 3% 00 A T2 1 A2
i (carbon footprint, CF) A" Semieniuk ZF7EFR TR CF 2R LR 1, 42 LI A BBV £ 1Y
REVRSEA P AE T CF (9 GC Ak F AR X & i 9 7K - 17 FLE A B AIRT ™ . Wahba X132 K FBE K /2 7 (water
footprint, WF) 2382 YIS 45 5 R WA A T WF f9258E ) SRt AR SDGs fAH
KAFFEMINISES , 4, Hiratsuka 55 RAARBRIZ AR AUE S T ) 45 40 5 & Z 18] (04 BATE s FG 7E X SE 88 SDGs 1Y
PERIN, Zimm 5@ 55 SDGs HARFNEERIBEME M 55 7K P SEE /AT 1A FEXT 528 SDGs (520 Zhou 55
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WRHH e CDL 5 EF \CF WF %522 U7 GG AR 2h 28 A RS s 560 1, 1A GO AT i P
FVFOT T HE S B 17 SDGs BYTERR | TCREAT H] T4 58 068 - 30 T e A 25 AR S BRARE

2 TESHE

2.1 WS X

GUA TE VPG 2 T2 (1) SR E o FN S g, J2 12
JAE 6] R B3k A A P AL 256 S 0 ek (A 3 T R e
VYT AT T R R R s R X
(TRRAGEE ) , AT bR R W b 5 M SRR AT, B 15
RAMER AL (] 2) 2 VU 2 A S E AR A, A
RIS ZE T PR IR S5 7 Mk 52 e IR 7l Ak R 58
OB 2 T 6 Abist et A (RS A SR
GUA PG 2 AN E 2 [ R bt IRk, i L2 2 25 i A
7 5B SCAR A 3, FAR RSO R 196, 2019 4, GUA
B mAR 5.55 7 km®, {5 BEPE4 20.56 J7 km® [ B2 XHETHRNITHR LS
27% ,{E GUA2440.25 ﬁ]\ Djﬁﬂ 5%@% 3876.21 ﬁ/\ Fig.2 The administrative division of GUA
9 62.95% , WAL 3 75 3K 61.66% . 2019 4F, GUA £ WES:GS(2019) 18225 RMPRACLH
GDP >} 16090.27 127G, i BEVE A 1 61.75% , W R
A AL AR 34787 TG, ik B« R AEI A" I HE FHERATAR HE . GUA SE3 17 SDGs MME s J2 55—, H b oF JE
b, GUA JE N AR DI, 30T e | B 38 it 55 FH b 75 SR IV 2R 77 AR 0 55 4 28 b i) Lo il 2 42
U1, TR R & R IHIRIX 2 a7 s SCA KU o5 TR SRR 38 = AR TR FH 3 R
KRB RAR T 425 . GUA J77T GDP /K 38.31m*, J7 70 Tl B A /K & 115.24m’ , K T4 E 21k
o 2020 AEAS T CABE BURARR) SR, KI5 e v BT, AN, 2019 AF P 48 T AT I U A | B R R R h 4
BOEBR 41T = EEL IR M0 O T K B A s e, 4 1 M T T K B R S e, A AR AR TR S A RE TR 45 4
SRR K, GUA 2% 5 BRI AR 70% LA E 7l HAT « snm” 450k 1 1 BE VR L T A, T 3h 4k
FREIRAI R E IR, (BRPEA 2018 4FH S HETS B 44 5) A 336 KIS i i HEVS BT, 288 R AR
P TS B, 273 & LSRR S HEVS B0, GUA BE2r A 221 % 134 M 119 %2, 5 3 65.77% .
46.53% 1 43.59% , % LTk B RS GUA RIBRIRE S, IETE M SEBE 17 SDGs 1) 2Ll
2.2 MR
221 EBEFE

RIS SE e NIEAE F ARG IR T R s HE G R b 5 A M BR A S R R R PR R 9 BE Y
5 EF CF Hl WF 8820 578 A= W Rl R RN K B S S B A 78 R 38 B N TG sl = A ) 1 SRR o
T 2 SAARHER SRR G IR AT SR A5 Y 0 BF I R IR 4R CF A WF 2732, =& Z A — 2 1 BAME,
A B — AL 35 0% O 4 S B R A T R RER NS ERE AR AR I R R BRI kS
% T Rees ZET MRS TPCC HERE A KBRS AR miliEm) >,
2.2.2 Wl R RS

CDI J2 1996 4E f Bt A [ A5 % (UN-Habitat) $2H 35 H TR nTRFSe v i Febnii 254 RO T 9%
TR IRIZEA KDY BUE R0, 100], FEAFEPRANEE N 20% , o JEREBEIE 290 A0 BRI 7 7= (8 Fe fiF 3%
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Bl K Y- (8 R RN TR AR R AEFEA LN IR 5K 3 P (i B e B K- (3R 1)

#1 CDIiEtER
Table 1 The indications of CDI

4R Index B4 6 AU B UN-Habitat PR RE GUA
FEGMEHE Infrastructure IR TT K X 2 % SR K % 2%
[EL IRk &= HE AR %
JUEHLE/ % ST B R %
BBl Je /% G E
JEYIAERE Waste 57K b B /o KA B /o
I VA Y b 35/ % Tk B A B 25 A R/ %
{5 Health NGB s % NGB s %
JLHIET-H/ % FET=H/ %
#H Education AR/ % 15 2L EATHECE /%
LR NFER P YNV
BT A City product AR A/ 0T N I

GUA . XH Ik T BE Guanzhong urban agglomeration ; CDI: 3% 17 & FE 54X City development index

CDI &7 46 T UN-Habitat &£ 1Y Global Urban Indicators Database Version 23 | AT 45 4 GUA 52
br X TitaEAR(F£2),

#2 CDIHEAR
Table 2 The formulas of CDI

18 H5 Index A3 Formula

FERLBEHE Infrastructure I A B 23 25+ 388 il DX HE K 45 T 88 B > 25+ 3 T FH A3 i R x 25+ F% Bl AL I S x 25
PEPIAL B Waste T 7K AL B x 50+ Tll [ A B 254 R FH %650

{d ¥ Health (N BT -25) x50/60+( 32-FE T3 ) x50/31.92

HF Education 15 2 LL BN AHESCH FX25+25 5 A% %25

BT P City product (log( AX/ 7 B ) -4.61) x100/5.99

Y K JEE L CDI (LR G AR+ IR ) b BREE AR+ BRAR AR + HUE TR b5 + 3T 7= (L b7 ) /5

223 ANPEIHT
Wi A& JR 5Tk R %X (city development contributive coefficient, CDCC) J& /& il ZK G5 b5 Tk R 5 CDI 5k
FRLE, LLEF A HHEALIT .
EF, CDI,

K1, EF, 5 EF F1 CDI, 5 CDI 4351 & T R i e 9 A 25 2 308 PO T & JH6 8. #7 CDCCyp< 1, U R WY 323
RS TR P AR 25 KR AT A B i R R ok, Sz, W3 Wiy LA e AR A 25 Joe BRI A v A A 285
i K

H SR R EL (ecological capacity coefficient, ECC) J& EF 51HE S EC sTBRAV LR, A AT .

ECC=—"/— (2)

A, EC, 5 EC 5048 i Ak i e A= 0K 301, #7 ECC>1, Ui EF B TTkR KT EC M TTik%, RN
ARAEBRE TR A TA SRS [z, BRI« F SRR, b TA SR RIRE,

K GCUO B AJEIB RN , R F LR 5 253K fff 14 2% il 28 19 50 B T 1o AR LA o 2 8 T8 hn 19 GC, A
NAUF .
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n

GCZI—E (X, =X, )Y, +Y_)) (3)

A X Fom i ﬁiﬁ%ﬁéﬁﬁﬁéﬂ?{ﬁ%ﬁ%%i{ﬁ%tb,Yli’%/% i TR EEIE AR Bt E e, M i=1 A,
(X,.,,Y,_,)=1(0, 0), GC BWYHBHTE[O, 1],GC HB/NERBAF, UL 0.4 fERAFE5ARLFARE I
ﬁ}#—\mms] .
2.3 Bk

B— B FIGEFEAR AN CDI A B R IR L2 3,

F3 BIEKRE
Table 3 Date Source
$EF5 Index B4 5K Date name HeVH Source
op R} B B IR IR A Hho 2010 4F 2015 42018 4F 3 HiIAHS Bl , %
#E LA Landsat TM/ETM 38 85218 0 328G IR, SRR BE R 1km,

2008—2019 4FECBRVTSEIHAFLE ) It GUA AT SEITHAF 2

THAH Land use  #fdh bR EHL KR B
AT il AT i P FIK 7

WSS el REUR N AR
e b LR /hJ:J/_JT‘ g Glob'al Footprint Network) 2018 4% i ) Working Guidebook to
the National Footprint Accounts

REURTSAER  Tolkd: /= 5 b 4% 2008—2019 AF¢ BV GETH4E %) \GUA 2T I SETT 448 & 2007—2018 445

WL CF Hilt B R0 S HE 2 R RS A )
KR WF ﬁﬁﬁﬁ% I‘j@ﬁ%FEﬁ BB, 2008—2019 4= BEFI A FEiT4E %)
Tl ARG FAE S K 2007—2018 4FE( B P2 K BEE A )
BT R SRR CDL AR AL B SR 7 (e 2008—2019 4FE(BRPIGEIHELE) K GUA & T IGE T4 4

2008—2019 4E( BEPEGEiH4E %) . GUA £ 1T A58 HH4FE K1 2007—2018 4FE 4%

fibike 0% bt 2 R ) J BB 3
st 2008—2019 4E GUA 11 (45 H4E 41 2007—2018 4E 4511 ( [ R &5 54k

RRIBGAT N B RN A A
EF: £ Ecological footprint; CF ;5% 3 Carbon footprint; WF; 7K /238 Water footprint

B WA AR E A (K 4) IR T EBRE LM (Global Footprint Network ) 2018 4 % i A Working

Guidebook to the National Footprint Accounts,

x4 BEIMNHERFHEERF
Table 4 Equilibrium and yield factors for all types of land

" e bep e ik
g Bt o an Kk TRUL gy DR
Land type Cultivated land Forest land Grassland Water . Building land ™ &

absorption land land
)1 A F Equilibrium factor 2.52 1.29 0.46 0.37 1.00 2.52 1.29
7EHE N F Yield factor 1.28 2.55 1.93 1.00 0.00 1.28 0.00
3 R

31 REBEFERER SIS

2007—2018 4F , GUA £ T NI E L5 (per capita ecological footprint, ef) AEIJIERK 510 1.46% |
3.49% .2.91% .2.94% .5.53% 4.30% . Hrit, GEIRINFE of e E L. GUA Tolk AL bR fnbie , X5 ¢ ¢ IR ARt
R, REVREE A LI P ME LR A AR AP RO o [A) AR SR LU, 25 T — B TAE SR RS , AR R
¥ (per capita ecological deficit, ed) & AT, K HTHY NI LT (per capita carbon footprint, ¢f) 4FI4JHG
KRIM0 3.68% .7.30% .5.62% 4.45% 0.84% ,~3.70% . M of HIFE U 7 SRR, AL BE I I #E L >4 b Fr)

http ; //www.ecologica.cn



16 1 Wl 25 B IEAAT 5 Pl i A S B Al R A Jig HAR RO 2P AR 6345

AN 74 )] (per capita carbon capacity, cc) o FHURIETGYHERO P A Tk A= ™=K P, 2018 4F GUA “F-#4 5
{7 REFERFAN 4.57% , 1L 2010 4F48E 1 T 43.26%, ITAERAY/KHL XUHL A5 & FL i B Bt iy, {H 7 2018 4F Sk L i
R R 10% , 25T B A K BB (per capita water footprint, wf) 4FIJIEK K450 -3.62% .2.61% .
4.41% \1.73% 3.72% .~ 1.77% . A JHEE X ) ABIKIRF (per capita water deficit, wd) 4FEJHEHK
HRIPHN 4.95% 10.61% .6.98% 10.13% , V42 FHF 553 5 AE 2017 4F A 2018 4F fK AR 756 Rk it v, i B
R K TS JL TR B

OO0 AR/ (hm*/ \) - [0 NSRRI/ (1COsea/ N) [ AR R/ (X 10°2m*/ N)

B3 2007 £750 2018 FX P HE of (of F1 wf HIER
Fig.3 The results of the GUA's ef, ¢f and wf in 2007 and 2018
67)\@/}:?55@ Per capita ecological foolpﬁnt;q‘;}\ﬂ‘]ﬁb%ﬂﬂl} Per capita carbon footprint;cfzj\ﬁ‘]ﬂ(;ii@ Per capita water footprint

3.2 il R EIR RIS

A AT e &3 AN H] —0— % —A— FH W
GUA £ Tli i CDI 4E 336 K R4 3K 1.74% . e gt it
1.70% .1.66% .1.96% 2.52% 2.28% (&l 4) ., M\—2+5 20074

Y SN A N S R R RS B B | ) 20184 ) 20084

3.34% \4.42% 3.75% A0 L TH B A% . R N q!
//'%g 20094%
\= "

N W 0 Ak BRAE Y 1S K300 R 4.99% .5.41% 20174 &
5.49% , F WK 75 L ANl [ 44 55 0 3 B — 22 I /[/ \- N ‘\
N

N\
/ =
R BRI P E A Py AL BEAN X5 2% 11T CDI STk R 50164 Izg‘%}@i\;' 20104
J

&

(AR IR R, 5 B TS AT R M E FE bRl \\ >
WbFREREARES |9 4F 55 HH 3 BN 59 i )

A BRI R R B Ay 75.42 % 0% \\\gg///l/ o
6T 77 2 9 E PRk, N

3.3 AT A RSBk 201348

PL ECC ik 7K 38 22 %X ( carbon capacity coefficient ,
CCC) JKAEFLZA KL (water capacity coefficient, WCC)
B, LA CDCCyy . CDCC. oy . CDCC 9 N, 47 418 A il 1)
IR ANGIR(ES ZR-T), ZERER,

B— VILATEmM CDCCy, Al ECC R F 1, J& F “ IRk 1 & & sk AR A SRR stk ™ . 5= X g )il
CDCCy, F1 ECC ZEA/NT 1, J&8 T i & e ok | o A= R4 DTk . B CDCCy, KT 11 ECC /T 1,8
T AR T KR BTk R A SRR TR AR T IR R R ik A SRR TR

S B ATE M CDCC M CCC ¥R T 1, J8 T “ AR 1 & S8 s ik AR Bk AR 2 o k™ . 74 & F1 52 X9

4 2007—2018 F X i B CDI MIEhEE
Fig.4 The dynamic changes of the GUA’'s CDI from 2007 to 2018
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Fig.5 CDCCyg and ECC’s evaluation results of GUA in 2007 and 2018
CDCCyyp A7 B 19 IR T & & BTk & L City development contributive coefficient of ecological footprint; ECC; 4= 25 7K 38 & % Ecological

capacity coefficient

CDCC Ml CCC ¥/NF 1, & F w3kl & ok | Rk E otk ™ . )1 A B A~ 4R 43 41, CDCC o /N T 1
M CCC KT 1, )8 T mybki & e vmk AR oTik”

5= BHFER CDCCy, f WCC ¥R T 1,8 T i & e vumk MoK R E DTk . P94 XY g
BRANBAEAY A1, CDCCy F WCC /N T 1, J8 T 3 & e BTk | i /K A R oT ik ” . 4 J1] CDCCy /T 10
WCC KT 1, )8 T mkh & ok AR TTHR” .

GUA HY EF .CF . WF B3 & GC 23 31/ET[0.37, 0.40] .[0.35, 0.46] .[0.39, 0.45 A X Ja] (& 8) , 5>
FIER T 1.34% 17.45% 13.77%, EF BT & GC HRA K, TEIG A 55 0.4 LUF, A A6 1 5300 & 1)
VERCEEARNT 2 F- HARRE . CF il WF B3 & 8 GC B IR, 73 BI7E 2011 4E 1 2008 4F it 0.4, R Wik £
J3 KR T ST kR Y 23 [A) A AR R e, GUA B4R BUK# GC B IR 3] GC UK R 2 GC 4 9l )E T
[0.20, 0.40] ,[0.42, 0.52].[0.19, 0.45HYIX[A] . BRZAKEL GC R T 5.45% , HEAS7KE GC FIZK K EE GC 435
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