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Abstract: The Chinese urbanization ratio has increased as the economy has developed over the past 30 years. The rapid
urbanization has caused increasingly unprecedented environmental problems, such as air pollution, water pollution, water
resource shortages, encroachment of cultivated fields, and erratic regional climates. All these factors suggest that there are
deeper interactions between the regional eco-environment and urbanization. Currently, most studies have focused on the total
relationship between urbanization and the eco-environment through synthetic assessments. Although strong interactions have
been determined, the key factors affecting urbanization and their interactions have not been identified and explored. Based
on Beijing-Tianjing-Hebei ( BTH) region, which is a large-scale urban agglomeration and important economic zone in
China, this study identified key factors and assessed their interactions affecting urbanization and the eco-environment. We

used the urbanization ratio to describe urban development; and used land use, water resources, and environmental,

HE&WA:
W5 B #9:2018-01-29; 1&iT H#:2018-05-07
# W IRAE# Corresponding author. E-mail ;

http ://www.ecologica.cn



2 A E = 38 &

ecological, and energy parameters to describe the eco-environment. This study assessed the impacts of eco-environmental
factors on urbanization through a (1) correlation analysis to show the preliminary relationships and grey relation analysis
(GRA) to rank the relations of each factor affected by urbanization, (2) significance analysis to merge homogeneous factors
and determine the effect of interactions between cities and factors using a one-way ANOVA method. The results revealed that
(1) total and household water consumption showed the lowest R”; socio-economic parameters showed the best correlations ;
land use parameters showed a lower R’ than socio-economic parameters; energy parameters showed the same level of
accuracy as land use counterparts, and both were considerably more correlated than NDVI, which showed a higher R* than
water consumption parameters; (2) GRA results were heterogeneous among both the 13 cities and factors of the BTH
region. Furthermore, the GRA results were different for the same factors in different categories, such as for land use and
socio-economic parameters. Together, the max GRA results showed the citizen electricity usage ranked the highest, and
household water consumption ranked the lowest. The variance of GRA results showed that built-up area was the most stable
and population was the least stable factor; (3) pairwise GRA value comparisons among the factors were conducted to
determine homogeneous factors. The fisher-LSD results showed significance to be weak within a category and strong among
categories. Based on the significant properties, the total factors were compressed from 10 to 6, which represented the
original selected categories whilst maintaining the assessment accuracy; (4) an interaction assessment module was used in a
one-way ANOVA to evaluate the interaction effect of factors. We found that the factors significantly represented the different
aspects of the ecological-environment, and the cities also significantly represented the differences between each city caused
by various industrial structures and different natural environments. The interactive effect between cities and factors was
significant, which provided solid evidence to further explore the interactive mode and environmental effect of the factors with
increasing urbanization. This work provides a foundation to determine the supportive and suppressive effects between the

eco-environment and urbanization.

Key Words: urbanization; key factors; interactive effects; grey relationship analysis ( GRA); ANOVA; Beijing-
Tianjing-Hebei
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Table 1 Range and variance of GRA results
BL LB Factor name #/MH Min 5 KAH Max e fl 2% Range 772 Variance
A X T A Built area 0.856 0.911 0.055 0.0004
ISR ZE ML Park area 0.621 0.848 0.227 0.0035
I % i B JHHL Citizen electricity 0.776 0.927 0.151 0.0013
JHHL SV Total electricity 0.65 0.904 0.254 0.0037
JHK BB Total water 0.597 0.817 0.22 0.0048
Az 75 FH 7K Household water 0.556 0.787 0.231 0.0052
# 48 A [T Permanent population 0.537 0.92 0.383 0.0107
[ P A 72 EE GDP 0.611 0.898 0.287 0.0043
[i] %€ %¢ 7 Fixed assets 0.538 0.875 0.337 0.0067
IH— bR 5%k NDVI 0.752 0.847 0.095 0.0009
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Table 2 Significance differences between each otwo factors

i sgs R R KRR EETK  WEAD R REWS Rl
Factor name Park Citizen Totfll' Total Household Perman_em e EME Fixed Bete st
area clecticty electricity water water population GDP assets NDVI
HERX A Built area 1 0 0 1 1 1 1 1 1
INEIZEME Park area 1 1 0 1 1 1 1 1
W JE AT Citizen electricity 0 1 1 1 1 1 1
FHHE B Total electricity 1 1 0 0 1 0
F7K B Total water 0 1 1 1 1
415 H17K Household water 1 1 1 1
#4510 Permanent population 0 0 0
P S GDP 0 0
[ 52 37 Fixed assets 0
IH— LA AR NDVI
Hoh 1 R 2R HERE 0 R ERALE
*3 SHEEZRMRG
Table 3  Statistics of merged factors

L £ FK Factor name S3HT4UE Number Y Mean P2 Std ¥Ir kiR RMSE

X A Built area 13 0.88453 0.01958 0.00543

INFE Sk Park area 13 0.74502 0.06146 0.01705

FHHLEE Electricity use 26 0.8542 0.05213 0.01022

FH7K i Water use 26 0.70258 0.07212 0.01414

FH22 2255 Social-economy 39 0.80472 0.08664 0.01387

IA—{EAE 46 %L NDVI 13 0.80785 0.03181 0.00882

BT R R ORI HEA LS I A SN A B 1 2800 2 Te] Ay 22 Sk (3R 3) o i, s il DX Tl AR A 24 (1 A
K FRifEZE A RMSE d5e/) s FIZK St 3 /N, RMSE FIARIE 22 340 FALRIAKE . NG I 5 I BE 344
PRIEZEFT RMSE Z553 X5 LR, #5845 JF 5 2R X AR A R A R e 42 < 2 XTI BR S HTHL B S ND VIS AR e 28
Te> ol Sk > K, X —HEZHERR T R B2 R S b AU 1 AN [R) e 5 B B R B R, X
—HEA AR EEARENEHE A T, I UG A TR S B R i R A0 e e SO 20 X (LA A P E B
ARSI R/ N AR THT Y, 3R SCIBR B RS P IR B8 LS HE 4% S I G
2.4 RS ERAZEAHAE

BN LR RHR B HR A I i 0 A O, W50t — 2D T BRI A HAR I (3R 4) o R P EBUNR

R4 EFEWTHEZERZEER

Table 4 Significance of factors, cities and mutual effects

IR H S5 By B2 P P
Results DF Quadratic sum RMSE

B2 Factors 5 0.45542 0.09108 40.93026 0.000
T City 12 0.07208 0.00601 2.69915 0.00665
ZZH. Interaction 60 0.2796 0.00466 2.09409 0.00361
FEH Model 77 0.885 0.01149 5.16481 0.000
2 Error 52 0.11572 0.00223 — —
BIERIK Fix 129 1.00071 — — —
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WIS HAE G R 2, 25 RBIAMF R I B B R A EN 3 22 5 (P I/ T 0.05) , B & R E R AL
ATDMRERE A 2RO, JOF HEE R B EA RAFIIIEAS T o A [R]30HT (H] DCHR FE A7 7F 10 35 22 7 (P =0.00665 ) , Bl A
IR E R AR, e, MM EZNLEEA B2 B ENER(P=0.00361) , L E X 5T
FR 0 DI B AR AL AN S B2 5, [ I 38 5 T 28 1804 O, B SRR 2 199 43 A 32 B S 2RI T AR AIE 174 3 [R] S i

3 e

ABRFERE TR IE R MK SR T LV TR B i A2 RRIR L Bt 2 e 5F B Sk
FEIIHR R o 56, FEAHC G R b NDVI MUK BT IR 28 3 5 B AR B A O PR AN w5, T RE i AR SCHY NDVIT 2
WX B, 3X — G R P AR A i A e A 19 F2 2 R, DA S PR BAR  /K W U7 T, /KB A= 35 K
RIRA —E IS HAZ2 B TS A i XK BEHEUR A BR AR K BRI, S SO BT IR 2R P S AR AR A
551 A SBBAL AR DL IRC , PR AR R

HOR ) —ZER A R IR o Wr & AR A 30T (o) B 8 22 5, B2 S M IX 257 A ROKF Pk 2549 | F AR IR
SEA K, BN, 2> Sk I 2 A8 A 5 A AN IR R SR K E A AN IR T i B ) AR A DI OC AR B
T R B 5000 B S S 5 T 22 3 2030 oA, R AR B3R (A K B, PR B ) AN 20 3R S A R Y
SRIRE R, YW R A G B RO IE L B R, KR D5, b4 SRk A BB ™ E 3 XK
PR 35 P BCHOK B ZOCHREE T /N T st RO, AT T, 28 52 8 W AR 1T 7R A8 ig
MIRHRE 22 AR, R W% 2 B b XN D45 R LR R LU B E | I HLATBUX R 7E DT TS 1] Be AR AR AR DN
ARTE I TATEUX RIS A GET R S BUR N D Z P AT E . AT R IR & 2R Z R AR
HRIE AP R E RS AR [R)— 2L SR B A 4 Tk T 3ok v 1] LA 2 57, DR A 2 3 Al [l ) 52 B AR
JH 3 55 ASZ A A 2t — 2o

4 i

FEXFIRAE A i -5 A A A S L A AT T %) S B 52 M A1 1 1 AN BH 8 4 TR, AT 50 8 TR SR O B A
TRARIRII ik K = BEIRAEJ7 THI) 20 PR 7 BB Me [R5, XSGR BE AT 1 HE 48 FIASUE PRk 3, 3 T 07
22 T T ARSI R R MR S A I B . OFFEAR B LR EBA5E . (1) R iE AL it e
AR HE A2 MU S DX T AR LB NDVIL A2 2257 0Bl Sty K B 5 (2) (05 B ST HE 9 5 B 2 X R
MAFAEBRIE , AT FEUE ] S B3R HEAL 15 SR BE RARE PR EINAR G 5 (3 ) [R) 28 B 3% ] [ o fl i i, AS [+ 28 1 2L
KEIEFLESS . (4) SR ARSI 2R M BAR AR R B3 . A SCRI2P W 1 5 s A i A A SC i A
I E R AN (EUR H AT PR A AR AR 2R A I A A2 20 LA S i A PFA | 50
S EERGORMSUER B — o IR T 2 NI 2 B0k 25, D0 AMAR SO AT BUX ) A8 2l 5 | e 8 28 5 s A8 Ak v
R T DRI 2 SN A B 2 S R R B 2 KU SRRl B XTI 7 e A 5E 45 ik — AL B0 e, BT RS
WFFE AR R A AR 2L AL e 5 A A PR A A LG AR 55 AR T 2%
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